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INTRODUCTION 
Since the introduction of the Europe^ corn borer, Ostrinia nubilalis 
(iliibner), into this country about 1910, it has spread from the eastern 
states into the major com groining regions of the United States. During 
the first several years after its discovery in the United States, investi­
gations of the European corn borer were directed primarily toward 
ascertaining the biology of the pest and the development of cultural, 
biological,, and mechanical control measures. Later research included 
investigations on the use of insecticides and resistant varieties of com 
to reduce the damage caused by the spreading population. 
As other control methods such as the use of sex attractants and 
sterile-male releases have been shoim to be useful in managing insect 
populations, they too are being studied. 
Research on the use bf chemicals to control insects by reducing their 
reproductive ability, rather than by direct mortality, has been stimulated 
by the development of the sterile-male technique using radiant energy and 
the subsequent discovery that the reproductive ability of insects can be 
reduced by exposure to chemicals. 
The purpose of this investigation was to evaluate, under laboratory 
conditionsT—tfel~efficacy of chemicals as chemosterilants of the European 
com borer. If the chemical sterilization of the European corn borer was 
to prove successful, the complete eradication of the species in the United 
States might be possible, either by direct treatment of the natural popu­
lation or by the release of sterile males into the natural population. 
REVIE;-/ OF LIÏZEATUÏIE 
Sûcn cftsr 
S-lc.tc3 by Vinal 
i'C3 rsac'ûion to uZie n£"Cv sn>/xrcniriG:i'c. Tr-s resnz'cs or uiizs s'yacxj ncare 
reported by Viiial ar.d Caffroy (1919) • Other- studies socii follc'ved as 
ths post sproaji into ne~-i areas. The literature on the European corn 
borer has beoorie ez-ctensive and a ccr.iplete roviei-r of all ths literature 
on the species is beyond the scope of this study. • lio'c-rever a recent 
revieiz of the significant developments in European corn borer research 
%:as z.ade by Brindley and Dicke (1963)^ In uhefr review they discuss 
research pertaining to the taxonony, biology, host plants, population 
statistics, and nethods of control of the species. 
The development of the sterile-nale zethod of controlling insects 
(Knipling 1935s -959) and the demonstration that insects could be 
sterilised by ezcposure to chemicals (LaBrecque et al. 19o0) prompted the 
investigation of the effect of chemicals on the reproductive ability of 
the European corn borer. 
The stsrile-rials teohnioue 
About 1937, ihiipling (1959) first proposed the use of ionizing 
•radiations to control insects. This proposal was based upon observation:: 
by other t-rorkers that ionising radiation reduced the reproductive ability 
o:^^sect3^ Runner (1916) reported that cigaretts beetles produced 
infertile eggs after ez-zpcsure to z-rays and K-oller (1927) noted that 
i,rradiated Droso^hila sho:ced an increased mutation rate» Geneticists 
continued investigations on the mutigenic effect of ionising radiations 
(1917)» a biological study icaz initiated uo detcrmin 
3. 
Catch-ssido (19-/^) Loa (19^6) r-ivic.-."ad the 
literature on this subjects ICiiiplirig (1959) stated that the thcorotical 
possibilities of controlling in^octs by raloasing jomally sterile zalaz 
among tho existing mid pop-alations generated little enthnsiasn aincng 
other scientists and it %:as not uzitil 1950 that Investigations into this 
Eiethod of control -.-rsre started. 
Preli^ininary investigations by Bushland and Hopkins (195-, 1953) 
confirmed the TJorlc of earlier investigations by geneticists and eytolo-
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gis'cs "ihat insects can be ir.ade sc:oaally sterile by exposing p'apae to 
radiation without, any serious effects on mating behavior of the insects. 
ind, after field investigations by Baimhover et al. (1955) supported the 
theory of the sterile-=.ale technique, Knipling (1955) described the 
technique and presented a hypothetical e::ai%ple of the effect of releasing 
sterile sales into a natural -oo-oulaticn u 
"CO cLonmate tne natural fertile n.ale population initially 
oy ra^zo oz z x,o 11 OZ 
tained at a constant level as the natural -povulation decreases, 
assuced in his ezaizole 
ao^ro:-: :ea s^ceraj ziaaes cor. lue 
vn-jj- %eruZ±e nales zn ziauzng l'ZZtn tne exzstmz vzr^zn fe21ai.es, 
assu%ea "ons 30-DUla"cicn ---ei be essentially stable azid 
i'ne uneorsûzcal declxne ioxiot.niig "one reaease of sterzie %a±es is shoiza in 
Taoao x. 
Table 1, Thoorctxciû. popalritlcm docllnc; in oach snbscqnont pierjcratlon mion a con.r.tant nruiliov of 
storilo jualcy aro roloar;cd wiong a natural population of 1 million fojijalc:; and 1 ii;il3.ion 
malefJc '(Kniplin^ 1955) 
Generation Uny.iatod fc^yaalr-,:: kkomaily Btorilo llatio of nturilo Asfravood pr^r-
in area waloo roloanod to fertile male;; ccnt^KG of 
caspotiij^ fur fonalor, ri;.t.-:d 
earth fur.aln to Giorilo )::alf:c; 
Thoorotical 
mivalïùr of 
fertile 
fc;iua!Loiv 
Lcinf: than ].< 
nri:' ibor nf'.',;lir'.:r 
1 
?. 
3 
/!• 
1,000,000 
333,333 
47,639 
1,107 
2.000,000 
2,000,000 
2,000,000 
2,000,000 
2:1 
6:1 
42;1 
1,807:1 
66:7 
«5:7 
97:7 
99:95 
333,333 
:'7,619 
1,10? 
;(f) 
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Kniplinj (1959) gc.vo 2. fllLI historical accciint cf erccication of 
tha 3cre"-%vo:"rû froz. tho Islc&à cf Cur-iiec-c =.nd. ths Southûa-iiJtorii United 
States and later expanded his autocidal principle cf insoct control 
(1960)^ Hs listed 4 zrays of usinj; an insect to destroy its o'::n kind: 
"(1) Holease of nales that hare cccn r.iade se^oially storils by 
gasma irradiation or 
^ O ^ O. t rs«-.V»« "i" •?* IT . 
sterility in the natural 
o'cn er : 
cals or other r; ,3 cf inducing sexual 
pG pulation of ' an insect. — 
of an insect that possess 3) Dovelcpment and relci 
inferior or lethal generic characteristics. 
(4) Release of insects to spread Pathogenetic organises." 
The induction of se:cu.al sterility in Di ospohila by eicposure to 
cheraicals zzas reported by Anerbach and Robs on 0.9-A-., 1946) and by 
Rapeport (194?). In spits cf this early -rork little interest iras gen­
erated in the practical usefulness of such cojipounds until the storile-
nale technique through the use of radiant energy had been proven success-
possible use of choriieals to induce sterility in insects. LaSreccue et al. 
(i960) reported that several co:.:pcands; including the auiridinyl deriva­
tives 2j4;6~tris(l-asiridinyl)-3-trias>ine (tretai'iine) and bis (1-aairidinyl) 
norpholinophosphine sulfide (izoz-zid), induced sterility in house flies 
and later LaBreccua (I96I) shovred that steri] -i-.V s. 
radiation could be induced in house flies by 3 other asiridinyl derivatives 
N.j 1'' -ethylenebis P,P-bis(l-a3iridin.yl)-:T-z:ethyl phosphine asiide (apharaide) , 
tris(l-asiridinyl)phosphine o:-:±de (tepa), and 2.2,4,4,6,6-hexakis-
(1-aziridinyl) -2^ 2,4.j 4,6,6 -he:-:ahy dr o -1,3,5,2,4,6-triasatriphosphorine 
(a]ph.olato) „ Boi-kovec (1964) listsdj vrith. re-fersncGS, 96 coripcunds 
-.•."hicli had been reported to ba effective i:i sterilising insects, horavcr 
in none of th-çsa references was effoeti'cenecs on Ispidcpteroiis insects 
reported. LaÉrscqiio st al. (196]) first "ased tris(Ê-Diethyl-l-aziridinyl)-
piiosphine oZ'Zlde (nste;^.) to stsriliaa house flies and prevented hatching 
%'Zith as little as 0.3 psr cent rnetepa in the ad'olt diet. Later metspa 
was tested as a che^ icsterilant of the pink bollvrorai by Ouye et al. (I965) ; 
the sTP^ Y 2:0th 07 Collier and Do'cmey (19c j) ; and the cabbage looper by 
Holland et al. (196^). VJhile these studies are not directly conparable 
they indicated that laetspa i;fas effective as a chemosterilant of the pink 
bollwoiiTL and less effective on the cabbage looper and gypsy :20th. 
Chang et al. (1964) first tested hercarr-athylphosphorictrianide (heir/pa) 
as a cheziosterilant of the house fly and pointed out its advantages over 
previously Iciovrn chemosterilants because of loTr iriarraalian toxicity and 
lack of mutagenic pronertiss, 
Uses and advantaives of che^asterilantz 
Sznith et al, (1964) suggested that cher^osterilants night be used in 
2 basic vrays. Either as a substitute for radiation to sterilise insects 
reared for release in infested areas or as a raeans of sterilizing a large 
proportion of the natural population thus avoiding the rearing and release 
of large nuribers of sterile insects. The latter could be aecoziplished by 
either introducing a chenosterilant into the natural environnent or 
attracting the insects into a confined area i-rhere they could be treated 
' -'ZLth a chenosterilant. Ssiith st al. also suggested that cheinicals night 
be nore econonical to use than radiation and night produce less general 
injury to the tr-eatod insects « Chertieals shcald also lend great&r- r.cbility 
to the rearing end sterilisation facilities ivhen rearsd and sterilised 
ii-iseets are to be released into the natural population^ S:r.ith et al. 
(lyôv) stated that mider cir-c"u:r:atances izhereby insects could not be 
roared and released into the natural environi':ient cheraosterilants could be 
particularly advantageous over irradiation techniques» These z-zould be 
where the population to be controlled "ould be of such proportion and so 
widespread that the cost of rearing and sterilising the insects required 
to over:;helr.i this natural population zzould be prohibitive, or where the 
released Insects izould theriselves be dangerous, destr'-active oz* annoying 
such as certaiii siedically ii'ipoz-tant disease vectors. Under these circum­
stances xhe cher.iical induction of sterility in the existing natural 
population "s-rould be highly advantageous as no insects "•:ould be released 
into the natural environnent. 
Cherios-cerilants t-rould offer distinct advantages over insecticides 
for the control or eradication of sciize species ^ ïînipling (19Ô2) discussed 
the theoretical advantages of a sterility agent over an insecticide in 
details. The theoretical trend of an insect population subjected to no 
control, 90 per cent kill of each generation "crf-th insecticides, and 90 
per cent sterility of each generation produced by a cher.iosterilant is 
given in Table 2. This table shorzs that if all assui-iptions ivere net that 
the theoretical populs-tion tvould be elir-inated in 5 generations if they 
-•-ere treated %-jith a sterilant but vould not be cor^ipletely eliminated 
after 20 generations if they y-ere treated %'Zith an insecticide» The prin­
ciple of this advantage nay be illustrated bz-iefly by assuziiiig that -.-re 
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Table 2o Relative trend ( the or atiaj.! ) of ins act populaticni 
to; (1) no eoritrcl; (2) 9C;S kill -«ith inseoticidas each gen­
eration.;, (3) trsatiuont that producos 9C/0 sterility each 
gensrationV (Knipling 1962) 
Nmabsr of inscots resulting fz-o.;: 
Generation No control Insecticide Treatsicnt producing 
(at asstiszed givinz 90> kill 90% sterility applied 
increase rate; applied each each generation 
generation 
Parent 1,000,000 
^1 5-, 000,000 
25,000,000 
F 2 125,000,000^ 
125,000,000 
T?-
- ^  
125,000,000 
^10 125,000,000 
Fi c 125,000,000 
^20 125,000,000 
000,000 0
 
0
 
0
 
0
 
0
 
0
 
500,000 50,000 
250,000 2,500 
125,000 "IZ5 
62,500 6 
31,250 0 
976 
31 
1 . 
•Dotjulation for the environn'-snt-
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can ciqjose 90 per cent of the population to eithsr an insecticide or a 
chûiriosterilant» If 90 par cant of the population t-rera szcposeà to an 
insacticido, thers would bo 10 fertile feziales end 10 fertile insles left 
to Eiate and reproduce for the next generation. Ho^rever, if the sanie 90 
per cent ire re eiqjosed to a cheriosterilantj ,90 of each 100 fe:r.als3 -could 
bs sterilized, thus not available for reproduction of the nozt generation. 
In addition, the 10 per cent of the feraales that escaped treatment would 
be subject to the mating cc2ipetition by Ç-O per cent of the nales --rhich 
"ivsre sterile as vjell as the 10 per cent norzial nales. With this ratio 
it i-jould bs e:{pected that only 1 nonzal fe&ale t^ould -;ate x-rf.th a normal 
male and thus only 1 per cent of the females --rould be available to produce 
the next generation. 
Yirkki (I965) suggested that lepidoptera vrould be difficult to 
sterilize by irradiation because of the large nui^iber of saall chror-c-
soriiss provided Tzith a diffuse centror-sre. As the raost co".3ionly used 
cher,ICS ter ilants are radioïniiiaetiCj (that is they mirniic radiation effects) 
it could be expected that lepidoptera Tzould be equally difficult to 
sterilise Tjith chenosterilants » Walker and Brindley (19o3) co:.:par2d the 
irradiation dosage-response curves of the European com borer %-zith 7 
nonlspidopterous insects and found that much higher doses xrere required 
to Induce sterility of the. European corn borer. 
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GENERAL lyiETKODS AMD PROCEDURES 
The rearing znethods used in these investigations are standard 
methods or adaptations of the standard methods which have been developed 
by the staff of the European Com Borer Laboratory at Ankeny, Iowa, 
Most of these standard methods and procedures were published by Guthrie 
et al. (1965a). 
The Insects used in these investigations had been reared in the 
laboratory for several generations. Each newly hatched first-instar 
larvae was transferred into a vial containing the standard borer diet. 
The vial was plugged with sterile cotton and placed in an incubator main­
tained at a temperature of 26.7° C ^  1° and at 75-85 psr cent relative 
huiiiidity. The incubator was lighted continuously by florescent light. 
Under these environmental conditions the larvae molt to the 2nd instar 
after 3 days, to the 3rd instar after 7 days, to the ^th instar after 
about 9 days, to the 5th instar after 12 days, and pupate on the 13th 
or l4th day (Chaudhury and Raun I966). The adult emerges from the pupa 
on the 21st to 23rd day. 
For general rearing the pupae were removed from, the vials and 
placed in 25-inch x 12 1/2-inch x 18-inch screen cages. The top of the 
cages were closed VTith 1/4-inch hardware cloth. The cloth was covered 
vjith wax-paper upon which the moths could lay their eggs. 
Moths which were used in the experiments were obtained from pupae 
which had been removed from the vials and placed in individual 1/2-
ounce plastic jelly cups which were closed id-th cardboard caps. There 
were 3 reasons for this procedure: (1) the larger volume of the Jelly 
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cups cûLlov/ed enough, roora foi- the moths to ezcp-^nd. their mn^s ncrmally 
after enorgence ; (2) sex could be deteriiined r-apidljr upon visual e:caz:l-
nation ^ 'Tithout the use of a siicroscope as would be necessary if se:-: 
deterninations x-rero made during the pupal stage ; and, (3) the virginity 
oi' the moths i-ras rriaintainad until the desired raatings or treatr-ients could 
be siade. 
The noths v:ere paired and placed in nating-oviposition cages 
(refez'red to henceforth as r^ating cages) 0-24 hours after emergence. 
The na'oing cages Tzere of 2 siz.es ^ The sraaller size (Figure 1) %--as rr.ade 
frors the fclloi<7ing riaterials: 
Ij 3 :: 10 "^/^-Inoh lo-r^esh bronse insect screen, stapled to foziz: 
a cylinder measuring 3 1/^ inches in diameter by 3 i^iches high^ 
2, 3 1/2 3 1/2-inch squares of l/4-inch-:âesh hardirare cloth. 
1, 3 1/2 z 3 1/2-inch square of l/2-ineh-~iesh hardware cloth. 
J., ^ 1/2 :c 3 1/2-inch square of lo-zcsh bronse insect screen.-~ .
1, 3 1/2 z 3 1/2-inch sheet of i-zaz paper., 
2 rubber bands. 
The bottora of the screen cylinder "ras closed by 1 of the 1/4-inch-
:r.esh haz^di-rare cloth squares covered i-zith the 3 1/2 % 3 1/2-inch square 
cf insect screen. The top of the cylinder was closed z-d-th 1 of the 1/4-
inch-nesh hardware cloth squares. The cage was held together vri-th the 
rubber bands stretched over the top and bottom hardware cloth squares. 
1. S.r.all used in the ocperiiT.en^ 
'^ozh asse:r,blec. and exploded views are shov.Ti. 
Figure 2. Temperature recording from temperature 
controller-recorder on the environmental chamber. 
A 7-day chart. 
Figure 1. Small mating cage used in the es^erlments. Both assembled 
and exploded views are shoioi. 
recorder on the environmental chamber. A 7-day chart. 
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The wax paper was placed on top of the cage and weighted down with the 
l/2-inch-ïiiesh hardware cloth square. 
The larger mating cage was made the same as the above cage except 
that the insect screen cylinder was 6-inches high instead of 3-inches 
high. A 1-inch square hole was cut in the top square of hardware cloth 
for introducing the moths. These cages were approximately the size of 
1 pint and 1 quart ice cream cartons respectively. 
These mating cages had several advantages over mating cages which 
had been used previously: (1) they were economical and easy to construct 
(2) they could be washed and autoclaved and reused several times; (3) 
they allowed a more free exchange of air between the environmental 
chamber and the cage; (4) the wax oviposition papers could be inspected 
for deposited eggs without removing t6#^^pers; (5) moth mortality could 
be checked without opening the cages; and, (6) water could be sprayed on 
the cages for contact moisture (essential for moth survival) without 
opening the cages or damaging them. After the moths were introduced into 
the mating cages, they were placed in a Percival Model KB-5^ plant groïfth 
chamber. The temperature was controlled by a Partlow Model RC-15 tempera­
ture programmer set to maintain a high of 23.9° C at 4:00 p.m. and a low 
of 18.3° C at 2:00 a.m. daily (Figure 2). The relative humidity ranged 
from 65-85 per cent. The lights were turned on at $'.00 a.m. and turned 
off at 7:00 p.m. 
The cages were removed from the chamber daily and checked for the 
presence of eggs and the condition of the moths. Water was sprayed on 
the cages daily to provide contact water for the moths. The date of 
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death was recorded and the bursa copulatrix of each of the dead females 
was examined for spermataphores to determine if the females had mated 
(Pesho 1961) (Callahan 1958). 
The oviposition papers were identified as to date and cage, and 
placed in an incubator controlled at 26,7° C + 1° and 75-^5 psr cent 
relative humidity. Under these conditions the eggs hatched in approxi­
mately 96 hours but they were not removed for 120 hours to insure a 
complete hatch. 
The per cent hatch of the eggs was determined by inspecting the 
eggs through a binocular dissecting microscope at 3OX power. The light 
and the mirror below the stage were so arranged that the eggs were lighted 
by both indirect and transmitted light. Eggs which did not hat^h are 
referred to in this paper as nonviable even though they may have shown 
embryonic development up to the blackhead stage and only eggs which 
hatched are referred to as viable. 
The moths were inactivated for treatment or transfer from 1 container 
to another by exposing them for 15-60 minutes to a temperature of 4.4° C. 
"When the moths were to be treated individually they were cooled at 4.4° C 
and then the jelly cups in which they were held were set in a tray of 
ice so that they would remain inactive during treatment. 
The topical treatment of the adults was accomplished by dissolving 
the treatment compound in acetone and applying 1.0 or 0.5 }il of solution 
to the ventral abdomenal surface iiith a microapplicator. Other treatment 
techniques were used but they are described in detail for the particular 
experiment in which they were used. 
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The larvae were treated by placing them on a diet which was treated 
with the test chemicals. The treatment diet was prepared by pouring 
2.0 ml of diet in plastic l/2-oz, jelly cups. These cups measured 19.5 
mm deep and 25*4 mm in diameter at the bottom and 35*0 isn in diameter 
at the top. The diet was measured into the cups while it was hot and 
after cooling it was used immediately or stored at 4.4° C for use at a 
later time. The test chemicals were dissolved in water at the desired 
rate and 0.2 ml of the solution was measured into each cup. Care was 
taken to spread the solution evenly over the diet surface. As soon as 
the excess water was evaporated the larvae were placed in the cups and 
the cups were closed by cardboard caps. During treatment the larvae in 
the cups were placed in an environmental chamber at 26.7° C + 1°. 
The test chemicals used for both adult and larvae tests were metepa 
and hempa. 
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PRELBUNART EXPERIMENTS 
Before data could be collected on the efficacy of chemicals as 
chemosterilants of the European com borer, it was necessary to inves­
tigate some of the experimental procedures to determine their influence 
on the per cent mating of the moths and the ntmber of eggs laid. 
Sparks (1963) had determined that a 1:1 ratio of male to female 
moths could be induced to mate at a high rate when subjected to the 
temperature and light regimes of an average June day in Iowa, One pre­
liminary study was conducted to determine if the number of pairs of moths 
per cage would influence mating and fecundity and another was conducted 
to determine if inactivation, by cooling would influence mating and 
fecundity. 
Influence of Moth Populations on Reproduction 
Experiment no. 1 
This experiment was conducted in order to determine the optimum 
number of pairs of moths per mating cage, to obtain the maxim^um incidence 
of mating and maximum number of eggs. Combinations of 1, 2, and. ^  pairs 
of moths per mating cage were used in the experiment. These combinations 
were replicated 7 times. The results are summarized in Table 3* "When 4 
pairs of moths were confined to each mating cage there appeared to be a 
slight decline in the number of eggs laid per female. However the 
differences were not significant at the .05 level of probability. The 
percentage of viable eggs jrarled frbiti 32.4 per cent when k pairs of moths 
were confined to 40.2 per cent when only 1 pair was confined per cage. 
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Table 3- Influence of 1, 2, and' 4- pairs of moths per cage on the n-uznbor 
of eggs laid, per cent of viable eggs and proportion of females 
mated. 
Pairs Nimber of eggs Per cent viable eggs Per cent mating 
per cage mean range mean range mean range 
among reps among reps among reps 
1 1^5 50-282 40.2 0-67.9 89 75-100 
2 155 101-228 34.0 0-73.4 93 75-100 
4 110 27-206 32.4 0-50.9 79 25-100 
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The per cent of female moths mated varied from -79 per cent •with 4- pairs 
of moths per cage to 93 per cent mth 2 pairs per cage. However, none 
of these differences •were significant at the ,05 level of probability. 
As 1 pair per cage was as efficient in egg production as multiple pairs 
per cage, only 1 pair was confined in each cage in most of the experi­
ments. This allowed the data on mated moths to be separated from the 
data on unmated moths. 
Influence of Cooling on Reproduction 
Experiment no. 2 
Cooling provided a simple, convenient method of inactivating the 
moths so that they could be handled, but no information was available 
on the influence of cooling upon mating or fecundity. 
In order to determine if cooling at 4.4° C prior to mating had any 
influence on either the frequency of mating or the number of eggs laid, 
l6 males and l6 females were held at 4.4° C for 24 hours prior to caging 
and compared to l6 pairs of moths which uere held at 26.7° C prior to 
caging. 
Table 4, The influence of premating temperature on per cent of mating 
and nucaber of eggs laid. 
Premating Per cent Number of 
temperature mating eggs laid 
4.4° C 69.75 2433 
26.7° C 68.75 2303 
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These results indicate that moths may be cooled to 4.4° C for up 
to 24-hour perirods prior to caging without affecting either the mating 
frequency or the nmber of eggs laid. 
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PART I. ADULT TREATMENT EXPERBîENTS 
The Effect of Topical Applications of Metepa 
Experiment no. 2 
This experiment was conducted to determine the efficacy of metepa 
as a chemosterilant when applied topically to adult moths. 
Methods and procedures The methods and procedures used were 
those previously described, Metepa was applied to the ventral surface 
of the abdomen of adult moths, 0-24 hours old. Doses of 0.0125, 0.025, 
0.050, 0.10, 0.20, and O.5O jil of metepa per moth were applied to both 
male and female moths. The treated moths were caged ïvith untreated 
moths of the opposite sex in 3 x 3 1/4—inch cages and placed in the 
environmental chamber. 
Results The data from the experiment are given in Tables 5 
L_ 
and 6 and shovm graphically in Figure 3* • 
The mortality of both the males and the females increased as the 
doses applied were increased and the treatment was about 2 times more 
toxic to the males than to the females. At doses of 0.0, 0.0125, 0.025, 
0.05; 0-.10, 0.20, and O.5O pi metepa per moth mortality of the males 
within 24 hours after treatment were 3» 6, 5» 44, 68, 100, and 100 per 
cent respectively and the mortalities of the, females at doses of 0.0, 
0.0125, 0.025, 0.05, 0.10, 0.20, and O.5O pi were 0, 0, 8, I6, 48, 96, 
and 100 per cent respectively. 
There was a reduction in mating x-iith. increased doses and the reduc­
tion was more pronounced among the males than among the females, Wnen 
I 5 
Table 5» The effect of metepa applied topically to the ventral aibdomenal surface of female moths 
on the 24-hour mortality, rate of mating, total eggs laid, proportion of viable eggs 
and per cent reduction in the number of viable eggs per mated female. 
Dosage Treated 24-hour 
mortality 
Mating Total 
oggs 
Viable 
eggs 
Eggs per 
mated female 
-t 
Reduction in 
viable eggs 
pl/insect number per cent per cent number per cent number per cent 
0.5 25 100.0 0,0 — 
—— —— 
Cj.2 25 96.0 0.0 •.M 
—-
0.1 25 48.0 16.0 278 9.4 69.5 93.5 
0.05 25 16.0 20.0 485 19.0 97.0 81.6 
0.025 25 8.0 64.0 2049 44.0 128.1 43.6 
0.0125 25 0.0 100.0 4650 67.8 186.0 
—-
0.0 '10 0.0 77.5 4888 63.4 157.7 — — 
I 
J I 
J 
/ 
/ 
Table 6. The effect of luotepa applied topically to the ventral abdomenal surface of male moths 
on the 2^~hour mortality/'rate of mating, total eggs laid, proportion of viable eggs 
and per cent reduction in number of viable eggs per mated female. 
Dosage Treated 24-hour 
mortality 
Mating / Total 
' eggs 
Viable 
eggs 
Eggs per 
mated female 
r 
Reductiorl in 
viable eggs 
pl/insect number per cent per cent number per cent number per cent 
0.5 25 100.0 0.0 MM —-
0.2 25 100.0 • 0.0 — — — 
Ool' 25 68.0 4.0 124 0.0 124.0 100.0 
0.05 25 44.0 12.0 335 0.0 111.6 100.0 
0.025 25 5.0 16.0 650 7.4 162.5 88.0 
0.0125 50 6.0 58.0 5336 11.1 184.0 79.6 
o
 
o
 
40 3.0 77.5 4888 63.4 157.7 
Females Treated 
100 100 100 
Mortality 
75 
CTo 0.05 0.10 
M l/moth 
TTSO 0.20 
M l/moth M l/moth 
Males Treated , 
100 100 100 
Reduction in 
viable eggs 
Mating Mortality 
Oo 0.05 0.10 
fi l/moth 
Oo 0.20 0.05 0.10 0 
M l/moth 
Figure 3. Mortality within 24 hours, proportion of mating and per cent reduction in number of viable eggs 
per mated female when moths are treated with metepa. 
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"untreated males were caged t-îitii untreated females 77*5 per cent of the 
females were mated. >Jhen males treated tjith doses of 0.0125, 0.025, 
0.05, 0.10 and 0.20 jil of metepa per moth were caged mth untreated 
females, the percentages of mating were 58, 16, 12, 4 and 0 respectively. 
Whan females treated at the same doses were caged icith untreated males, 
the percentages of mating were 100, 64, 20, 16, and 0 respectively. 
There was little effect on the nmber of eggs laid by female moths 
mated igith treated males. However treatment of females reduced the 
number of eggs laid per mated female in proportion to the dosage 
received. The untreated females mated to untreated males laid 157-7 
eggs per mated female. Females treated mth doses of 0.0125, 0.025, 
0.05, 0.10 jil of metepa per moth laid 186.0, 128.1, 97.0, and 69.5 
eggs per mated female respectively. 
The proportion of viable eggs was affected by the treatments. 
The untreated females that mated xri-th untreated males laid 63.4 per 
cent viable eggs. Those mated with treated males laid 11.1, '7.^, 0.0, 
and 0.0 per cent viable eggs when the males were treated with 0.0125, 
0.025, 0.05, and 0.10 )i3. of metepa per moth respectively. Females 
treated at doses of 0.0125, 0.025, 0.05 and 0.10 and mated vri.th untreated 
males laid 67.8, 44.0, 19.0, and 9.^ per cent viable eggs. 
The viable eggs laid by the females was reduced by treatment of 
either the males or the females but the per cent reduction obtained at 
any 1 dosage was greater when the males were treated than when the females 
were treated. Doses of 0.0125, 0.025, 0.05, and 0.10 pi of metepa per 
male moth caused a reduction of 79.6, 88.0, 100.0, and 100.0 per cent 
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respectively ichen compared to the -untreated check. A dose of 0.0125 P-1 
of met'epa per female moth gave a slight increase in the niasiber of viable 
eggs and doses of 0.025, 0.05, 0.10 >il of metepa caused 43.6, 81.6, and 
93.5 per cent reduction in, the number of viable eggs. 
The effect of metepa on the per cent of nonviable eggs and the per 
cent mating i-zas calculated by probit analysis for both males and females 
(Tables 26, 2?, 28, 29) and plotted in Figure 4. 
These calculations show that a dosage (.0^375 )il of metepa per 
insect) which would result in a 95 par cent reduction in the proportion 
of viable eggs laid by females mated to treated males, would cause an 
84- per cent reduction in mating by the males. If this same dosage was 
applied to females • it would cause a 52 per cent reduction in mating and 
a 6l per cent reduction in the proportion of viable eggs laid by the 
treated females mated to untreated males. 
Experiment no. 4 
This experiment was conducted to further confirm the results of 
.experiment number 3. — -
Methods and procedures The methods and materials used in this 
experiment ivere the same as those in experiment number 3 except that 
the treated moths were treated at only 1 rate (0.0125 a1) of metepa and 
5 pairs were confined per large mating cage. Six cages of treated males 
2 untreated females, 6 cages of treated females X untreated males and 5 
check cages__of untreated males and females ^jere included in the experi­
ment. A sixth check cage was included in the original design but the 
cage parted and released the moths obviating its inclusion in the 
experiment. 
26 
100 
0} 
1 
2 
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Reduction in mating 
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Females treated # 
— Males treated 
Increase in nonviable eggs 
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.—•—Females treated O 
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.025 .050 100 .200 
Ml metepa/insect 
Figure 4. Response curves of increase in per cent nonviable eggs and 
per cent reduction in mating of male and female moths treated 
topically with metepa. 
Results The results of the experiment are summarized in Table 7• 
There was a tendency for the treated females to lay fewer eggs than the 
untreated females but the differences were not sufficiently large to bs 
significant at the .05 level of probability as shoT:«i by the summary of 
the analysis of variance. 
The percentage of viable eggs was affected by the treatments of male 
or female moths. The untreated moths laid 5^»? per cent viable eggs 
while only 2.8 per cent of the eggs from untreated females mated to 
treated males were viable, and 17.7 per cent of the eggs laid by treated 
females mated to untreated males were viable. Chi-square analysis 
(Table 8) showed that the number of viable eggs laid by the moths in the 
different treatments was significantly different at the .05 level of 
probability. A chi-square analysis (Table 9) showed that the proportion 
of viable eggs from treated moths (treated males x untreated females and 
treated females x untreated males) differed significantly from the pro­
portion of viable eggs from the untreated moths. A chi-square analysis 
(Table 10) showed that the proportion of viable eggs laid by untreated 
females mated to treated males was significantly less than the propor­
tion of viable eggs laid by treated females mated to untreated males. 
The percentage of mated female moths in each treatment is shoi-zn in 
Table 7* Seventy-six per cent of the untreated females caged ndth 
untreated males were mated and 76.7 per cent of the treated females caged 
with untreated males were mated and only 5^.7 per cent of the untreated 
females caged with treated males were mated. However, a chi-square 
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Table 7» The effect of 0.0125 pi of metepa applied topically to adult 
male and female moths. 
Sex 
treated 
Cages Pairs 
per cage 
Mating Total 
eggs 
Eggs 
per female 
Viable 
eggs 
number number per cent number number per cent 
males 6 5 . 56.7 1462 48.7 2.8 
females 6 5 - 76.7 1181 39.4 17.7 
untreated 5 5 76.0 1372 54.9 54.2 
Analysis of variance of total eggs laid. 
Source d.f, S.S. M.S. 
total 16 
treatments 2 
error 14 
186.97 
18.35 
168.62 
9.17 
12.04 
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Table 8. Contingency table of n;:iiîibsr of viable and nonviable eggs laid by 
moths treated %-n.th 0,0125 ?il of metepa and by untreated moths. 
Treated males 
oy 
•untreated females 
Treated females 
by 
•untreated males 
Untreated 
check 
Total 
viable eggs 41 209 743 993 
nonviable eggs 1421 972 629 3022 
total 1462 1181 1372 4015 
proportion viable .02804 .17696 .54154 .24732 
2^ = 104? (2 dcf.) 
) 
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Table 9* Breakdonn of contingency table 8 for detailed cosiparison of 
treated and untreated moths. 
Treated Untreated 
viable eggs 250 7^3 993 
nonviable eggs 2393 629 3022 
total 2643 1372 4015 
proportion viable .09458 .54154 .24732 
=-9-69,2 (1 d.f.) 
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Table 10. Breakdovm of contingency table 8 for detailed comparison 
of treated males and treated ...females. 
Treated 
males 
Treated 
females 
Total 
viable eggs 41 209 250 
nonviable eggs 1421 972 2393 
total 1462 1181 2643 
proportion viable .02804 .17696 .09458 
= 169.5 (1 d.f.) 
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analysis (Tabla 11) shows that the proportions were not significantly 
different at the ,05 level of probability. 
With 1 exception these results differ little from the results which 
could be predicted from the previous er-qjeriment. This exception was 
that the previous experiment indicated that 0.0125 jal of metepa would 
cause a 4 per cent increase in. the nonviable eggs laid by treated females 
but in this experiment there was a 6? per cent increase in nonviable eggs. 
The Effect of Dipping Moths in Metepa Solutions 
Experiment no. ^  
This experiment was conducted to determine the efficacy of metepa 
as a chemosterilant when moths were dipped in aqueous solutions. 
Methods and procédures All methods except the treatment methods 
were the same as described previously. 
Aqueous solutions of metepa in concentrations of 1.0, 1.33» and 2.0 
per cent were prepared by dissolving metepa in water containing 0.1 per 
cent Triton X-100, The natural water-repellent properties of the moth 
scales prevented watting unless the wetting agent was added. 
Moths 0-24" hours old were placed ia screan-i-zire cages and dipped 
into the solutions. As soon as all the moths were wet (about 2 seconds) 
the moths were removed from the solution and dried rapidly in a stream of 
air. 
I'Jhen the moths were wet they appeared to be anesthetized and unless 
they were dried rapidly they died. 
Twenty-four moths of each sex were treated at each rate. As soon 
as the moths were dry they were caged mth untreated moths of the opposite 
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Table 11. Contingency table of number of mated and unmated female moths. 
Treated 
females 
by 
untreated 
males 
Untreated 
females 
by 
treated 
males 
Untreated 
females 
by 
untreated 
males 
Total 
mated females 23 17 19 59 
unmated females 7 13 6 26 
total 30 30 25 85 
proportion viable .76667 .56667 .76000 .69411 
I 
= 3.55 (2 d.f.) N. S. 
sex. The untreated check moths were dipped in water with wetting agent 
only. Two pairs were placed in each 3x3 1/4-inch cage. Data on per 
cent mating, length of life after treatment and per cent of viable eggs 
were collected. 
Re sill 15 The results of the ex^jeriment are given in Table 12 and 
presented graphically in Figure 5-
The untreated check moths laid 52.7 per cent viable eggs. The males 
lived 3«9 days after treatment and the females lived 9»^ days after 
treatment. The proportion of females which were mated was 69«6 per cent. 
IrJhen untreated females were caged with males dipped in the 2.0 per 
cent solution only-4.2 per cent mated. Mien caged vri-th males dipped in 
the 1.33 per cent solution 10.0 per cent mated and when caged with males 
dipped in the 1.0 per cent solution 45.8 per cent mated. Vîhen females 
were dipped in 2.0 per cent solution and caged with untreated males 8,3 
per cent mated, when dipped in the 1.33 per cent solution 50.0 per cent 
mated and when dipped in 1.0 per cent solution 65.2 per cent mated. 
Treatments with solutions greater than 1.0 per cent reduced the 
mean days survival after treatment. Males and females dipped in the 
2.0 per cent solution lived only 2.5 days. Males dipped in the 1.33 per 
cent solution lived 4.7 days and males dipped in the 1.0 per cent solu­
tion lived 5*7 days. Females dipped in the 1.33 per cent solution lived 
5-5 days and females dipped in the 1.0 per cent solution lived 11.8 days. 
None of the females caged with males which had been dipped in any 
of the 3 solutions of metepa laid viable eggs. Females dipped in the 
1.33 per cent solution laid 13.9 per cent viable eggs, all of which were 
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Table 12. The effect of dipping moths in water solutions of metepa 
on longevity, rate of mating, and per cent viable eggs. 
Concentration 
metepa 
Sex 
treated 
Mating Longevity Viable 
eggs 
per cent per cent days per cent 
2.0 male^ 4.2 2.5 0.0 
2.0 female 8,3 2.5 0.0 
1.33 male 10.0 4.7 0.0 
1.33 female 50.0 5.5 13.9 
1.0 male 45.8 5.7 0.0 
1.0 female 65.2 11.8 . 4.0 
0.0 69.6 5.9 9.6 52.7 
^Twenty-four moths of each sex treated at each rate. 
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100 
Mating 
J L 
Mating 
16 
12 
CO 
^ 8 
1.0 2.0 
Per cent metepa 
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16 .. 
12 
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1 .0  2 .0  
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Figure 5. Per cent of mating, days adult longevity and per cent viable eggs obtained when moths were dipped 
in aqueous solutions of metepa. 
laid by 1 female. Females dipped in the 1,0 per cent solution laid 4.0 
per cent viable eggs. Five of these twenty-four females laid some 
viable eggs. 
Effect of Topical Applications of Hempa 
Experiment no. 
This experiment was conducted to determine the efficacy hempa as a 
chemosterilant when applied topically to adult moths. 
Methods and procedures Methods and procedures used were those 
described previously. Eempa was applied to the vental surface of the 
abdomen of adult moths, 0-24 hours old. Doses of 0.10 and 0.20.ul of 
hempa per insect were used on both male and female moths. The moths 
were caged in 6 x 3 1/4-inch cages with 4 pairs per cage. 
Results The data from the experiment are given in Table 13. 
The mean longevity of the males was reduced from 10.9 days to 7.6 days 
at the 0.10 jal dosage and to 2.8 days at the 0.20 ;al dosage. The 
untreated females had a mean longevity of 13«5 days, while females 
treated with 0.10 wl of hempa had a mean longevity of 12.5 days and 
females treated with 0.20 tfl of hempa had a mean longevity of 11.6 days. 
The per cent of mating of the untreated female caged with untreated 
males was 92.9» AH of the untreated females caged with males treated 
with 0.10 ;il of hempa mated while none of the untreated females caged 
with males treated with 0.20 ;al of hempa were mated. 
The per cent of mating was 96«4 for females treated with 0.10 jal of 
hempa and 89.3 for females treated with 0.20 ;al of hempa. 
I 
Table 13. Effect of henipa applied topically to the ventral abdomenal surface of male and female 
moths on the longevity, rate of mating, total eggs laid and the proportion of viable 
eggs. 
Dosage Sex Pairs Longevity Mating Total Viable Viable Eggs per 
treated male female eggs eggs eggs female 
pl/inseot number days per cent number number per cent number 
0.10 females 28 7.6 100.0 2469 468 18.96 88.2 
0.20 females 32 2.8 0.0 96 0 0.00 03.0 
0.10 females 28 12.5 96,4 6847 3966 57.92 244.5 
0.20 females 28 11.6 89.3 2375 . 1029 43.33 84.8 
tin treated 28 10.9 13.5 92.9 7007 3538 50.49 250.3 
I 
39 
The •untreated females caged "with tuatreated males laid an average 
of 250.3 eggs per female. Females treated td-th 0.10 jal of hempa laid 
an average of 244.5 eggs per female and females treated vri.th 0.20 ;al of 
hempa laid an average of 84.8 eggs per female. Untreated females caged 
with males treated with 0.10 a1 of hempa laid an average of 88.2 eggs 
per female and untreated females caged with males treated with 0.20 pi 
of hempa laid only 3«0 eggs per female. The untreated check females 
laid 50*5 per cent viable eggs; females treated with 0.10 )il of hempa 
laid 57o9 per cent viable eggs and females treated with 0.20 jil of hempa 
laid 43.3 per cent viable eggs. Females caged with males treated with 
0.10 )il-of hempa laid 19«0 per cent viable eggs. As none of the females 
caged with males treated with 0.20 ;ul of hempa were mated, none of the 
eggs were viable. 
Experiment no. 2 
This e:q)eriment was conducted to determine if the treatment of both 
sexes would increase the effectiveness of hempa when applied topically to 
the ventral abdomenal surface of adult moths, Also the treatments were 
extended over a wider dosage range. — 
Methods and procedures The methods and procedures were the same 
as those in experiment number 6 except that 6 males and 6 females were 
caged in each mating cage. The treatment rates were 0.025, O.O5, 0.1, 
0;2 and 0.4 m1 of hempa per insect. Untreated males and untreated 
females were caged together as a check. 
Results The results of this experiment are given in Table 14. 
Table 14. Effect of various doses of henipa on the longevity, per cent of mating, number of eggs 
laid, per cent of hatch, and per cent reduction in number of viable eggs per mated 
female when both male and female moths were treated. 
Dosage® Moths 
treated 
Longevity-
male female 
Mating Total 
eggs 
Hatch Reduction in 
viable eggs 
number days per cent number per cent per cent 
untreated 48 4.5 6.7 67 3718 39.9 
.025 24 4.9 6.1 83 1674 39.5 28.0 
.05 30 5.5 6.6 70 1523 33.0 47,8 
,10 30 4.8 6.7 57 1236 39.7 37.0 
.20 12 4.8 5.9 25 186 0 100.0 
.40 12 2.8 4.6 0 0 0 —-
^Microliters of hompa per insect. 
"""• " There were no detrimental effects on mating at doses of the 0.10 .ul 
or less of hempa "but only 25 per cent of the females treated at a rate 
of 0,20 »1 of hempa and caged with males treated at the same rate mated. 
None of the females treated at a rate of 0.40 ill and caged with males 
•**» 
treated at the same rate mated. 
The ntmiber of eggs laid per female declined as the dosage increased. 
At the highest dosage (0.40 jtil hempa) no oviposition occurred. 
The per cent of viable eggs was not reduced at the lower doses, 
however none of the eggs hatched which were laid by females treated 
with 0.20 pi of hempa and mated to males treated at the same dosage. 
The longevity of the males and females was not reduced by any 
dosage except at 0.40 jul hempa per moth. At the 0.40 /il dosage, the 
longevity of the males was reduced from 4,5 days to 2,8 days and the 
longevilgr of the females was reduced from 6,7 days to 4.6 days. 
Discussion of Adult Treatment Experiments 
The results of the adult treatment experiments show that adult 
European corn borers can be sterilized by either of the 2 chemo-
sterilants tested. 
However, in order to be useful as a method of controlling popula­
tions of insects, sterilization procedures must sterilize the treated 
insects, without seriously reducing their ability to mate. If a 
sterilization procedure either kills the treated insects or reduces their 
propensity to mate, the value of the procedure is impaired. 
If sterile insects are released into the natural population, some 
mortality or loss in mating can be compensated for by an increase in the 
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overflooding of the natural population but the cost of rearing and re­
leasing sterile insects would prohibit a substantial increase in over-
flooding . 
If the natural population is to be sterilized it is also desirable 
that the sterilization procedure neither kill the insects nor reduce 
their propensity to mate. The reason for this is that it is highly un­
likely that all the natural population would be accessible for treatment 
and it is important to release the sterilized insects back into the 
pop-ulation so that they could compete as mates for the insects not 
accessible for treatment. 
Topical applications of neither hempa nor metepa met these require­
ments for a sterilization procedure. Of the 2, hempa causes the greatest 
mortality and reduction in mating at doses which assure complete 
sterility of either the males or females. 
Because of this mortality and reduction in mating, it has little 
promise as a chemosterilant for European com borer adults and no further 
investigation of its use was made. 
Doses of metepa that gave a high rate of sterilization of the males 
caused less mortality and reduction in mating than did hempa and in the 
absence of more efficient methods, it might be useful in a sterile male 
release program. — 
Precise topical applications of a chemosterilant would be too 
tedious for mass treatment of moths. Therefore, dipping moths in aqueous 
solutions of metepa was investigated as an alternate method which would 
lend itself to mass treatment. The results of these investigations show 
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that the aqueous-dip method not only allowed large numbers of insects to 
be treated at 1 time but it was more effective in sterilizing both sexes 
with less reduction in mating than was the topical-application method. 
It would be possible to use this method of sterilization for a 
sterile-male release program, but due to the 34 per cent reduction in 
mating by. the treated males, it would be necessary to release 152 treated 
male moths for every 100 competitive sterilized males needed to overflood 
the natural population. 
If the treated females were also released into the natural popula­
tion, the 4 per cent fertility of the treated females and the 6 per cent 
reduction in female mating would also have to be considered. If 152 
treated males and 152 treated females were released into the population 
for each 50 males and 50 females in the natural population, the differ­
ences in mating behavior of the treated insects would result in an 
actual ratio of 1:0.775 competitive females to competitive males. 
If an increase in the female to male ratio decreased the per cent 
of mated females, it would be more efficient to release both sterile 
sexes into the natural population. However, if the female to male ratio 
did not affect the per cent of mated females, it would be less efficient 
to release both sterile sexes into the natural population. Table 15 shows 
the theoretical results of a 2:1 ratio of a sterile to fertile male 
release with the above factors considered. 
This method of sterilization of the corn borer would be much less 
efficient than one which would completely sterilize both sexes without 
t 
reducing the propensity of either sex to mate but in the absence of a 
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Table 15• Effect of releasing sterile males or sterile males and females 
into a natural population when all competitive females are mated 
and -when they are mated only at the same proportion as the 
competitive female to competitive male ratio. 
Moths in natural Sterile males^ 96^ sterile Control 
population released females^ released 
number number number per cent 
100 per cent of competitive females mated 
100° 152 none 66,7 
100 152 152 62.9 
77«5 per cent of competitive females mated 
100 152 152 71.2 
^Released males 66 per cent competitive as mates. 
Released females 94 per cent competitive as mates. 
®50 males and 50 females, 100 per cent fertile and 100 per cent 
competitive. 
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better method the method of dipping moths in aqueous solutions of metepa 
could be used. 
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PART H.. LARVAL TBEmWT EXPERIlïîENTS 
Guthrie et al. (1965b) reported .that all stages of spermatogenesis 
are present in the last larval instar, therefore cheiaosterilants applied 
to larvae shoiold effect the fertility of the male isoths. 
Effect of Kesipa in the Diet of 1-, 3-» 5-» 7-, 9-, 
and 11-Day-Old Laz-vae 
S:coeriment no. 8^ 
This experiment was designed to test for the effects of a cheno-
sterilant on-all larval stages. 
Methods and procedures Pretreatment and postreatment rearing 
conditions were as previously described. For treatment the larvae were 
renoved from, the standard rearing vials and placed in small plastic 
containers (jelly cups). Twenty-five larvae were treated at 1, 3» 5, 7» 
9, and 11 days of age. ' Solutions of 5» 10, and 15 per cent hempa in 
water were used in the ezpericient. These concentrations of hempa in 
the solution resulted in 1.56, ^ 12, and 4.68 jal of hempa per square 
centimeter of diet surface. After the solutions were placed in the 
jelly cups the excess water was evaporated under a stream of air at roozi 
temperature. As soon as the excess water had evaporated 5 larvae were 
placed in each jelly cup and held in an environmental chamber at 26.7° C. 
After a 24-hour exposure the larvae were removed from the jelly cups and 
placed on fresh diet in a standard rearing vial (1 larvae per vial) until 
pupation. As the larvae pupated they were removed from the vials and • 
handled as previously described. 
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Mortality during larval, pupal, and adult stages was recorded. 
•When the moths wore 0-24 hours old they were caged with untreated moths. 
The eggs were collected daily and held at 26.7° C at 75-55 per cent 
relative humidity for hatching. The number of eggs laid by each female 
moth and the number of eggs which hatched were recorded. After the 
female moths died they were checked for mating. 
Results The effect of hempa on mortality of the insects during 
the larval and pupal stages is shown in Table 16. The mortalities of 
the larvae 5 days old or younger at time of treatment were higher than 
for larvae older than 5 days at the time of treatment. However these 
data were not analyzed statistically. Except for the 11-day-old larvae 
on diet treated with 5 per cent solution (1.56 jol/cm^ of diet) larvae in 
all treatments continued to die through the pupal stage. There was no 
mortality of the untreated larvae. 
The effects of the chemos terilant on rates of development and 
weights of pupae, are given in Table 17. Except for 3-day-old male 
larvae on diet treated with 15 per cent solution (4.68 jil/cm^ of diet), 
the rate of development was comparable to the untreated larvae. The 
3-day-old male larvae in the higher concentration of hempa developed 
slower and had a wider range in development rate. One individual 
required 40 days for development from hatching to emergence. The mean 
days from hatch to emergence was 23.0 for the untreated larvae and 27.7 
for 3-day-old larvae treated with 15 per cent solution (4.68 pl/cm^ of 
diet). 
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Table 16. Per cent larval and pupal mortality of com borers which 
had been treated as larvae by adding hempa to their diet 
for 1 day. 
Age of larvae Dosage^ Larval Pupal Total 
at treatment .mortality mortality 
days per cent per cent per cent 
1 1.56 10 10 20 
3.12 33 5 38 
4.68 15 10 25 
mean 27.7 
3 1.56 20 15 35 
3.12 23 5 28 
4.68 40 13 53 
mean 38.7 
5 1.56 5 5 10 
3.12 0 25 - 25 
4.68 15 21 36 
mean 23.7 
7 1.56 0 16 16 
3.12 5. io 15 
4.68 0 16 16 
mean 15.7 
9 1.56 6 0 6 
3.12 0 40 40 
4.68 4 4 8 
mean 
— -
. 18.0 
11 1.56 0 0 0 
3.12 0 10 10 
4.68 0 5 . 5 
mean 5.0 
Microliters of hempa per square centimeter of diet surface. 
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Table 17 • Mean pupal weights and time from hatch to emergence of com 
borers which had been treated as larvae by adding hempa to 
their diet for 1 day. 
Age of larvae 
at treatment 
Dosage* Mean muai weight Hatch to emergence 
males females males females 
days mgs mgs days days 
1 1.56 79.2 106.2 7.2 6.5 
3.12 78.8 108.1 7.0 6.2 
4.68 80.6 110.1 7.4 6.0 
3 1.56 85.3 102.1 7.6 7.1 
3.12 76.0 100.5 7.3 7.3 
4.68 78.5 98.6 7.0 7.0 
5 1.56 77.3 100.5 7.7 6.7 
3.12 80.8 110.9 7.2 6.7 
4.68 86.3 106.0 8.2 6.7 
7 1.56 78.8 109.5 8.2 6.8 
3.12 84.5 110.1 7.3 6.5 
4.68 82.9 114.8 7.4 6.6 
9 1.56 82.0 109.1 8.2 6.7 
3-12 80.5 110.5 7.6 6.8 
4.68 83.4 -107.3 7.8 • 6.6 
11 1.56 79.2 105.7 7.4 7.1 
3.12 79.7 104.0 7.5 6,5 
4.68 76.7 98.7 7.2 6.9 
untreated 84.7 112.1 7.5 6.3 
^Microliters of hempa per square centimeter of diet surface. 
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The mean weight of vmtreated male pupae was 84.7 mgs and the mean 
weight of the lantreated female pupae was 112.1 mg. Female pupae which 
had been treated with the ohemosterilant weighed less than the untreated 
pupae but they were not considered to be stunted significantly. The 
greatest reduction in weight of males occurred when 3-day-old larvae 
were treated liith 10 per cent solution (3.12 jal/cm^ of diet). Pupae 
from this treatment weighed 76.0 mg. The heaviest males, 86.3 cig, 
developed from 5-d.ay-old larvae treated with 15 per cent solution (4.68 
wl/cm of diet). The lightest females, 98i6 mg, were from 3-day-old 
larvae treated with 15 per cent solution (4.68 pl/cm^ of diet) and the 
heaviest females, ll^Sjug, from 7-day-old larvae treated with 15 per 
cent solution (4.68 jil/cm^ of diet). 
The proportion of moths which mated are given as percentages in 
Table 18. The proportion of treated moths which mated varied vri.dely 
among the various treatments but showed no association with treatment 
rates except that males treated at the lower rate mated more'often than 
males treated at the higher rate. 
The mean number of eggs, the mean number of viable eggs, and the 
per cent of viable eggs laid by treated females and females mated to 
treated males is shown in Table 19. 
Neither mean number of eggs laid nor per cent of eggs hatched showed 
a tendency to be associated with different ages of larvae at treatment 
or levels of treatment, except when male larvae were treated at 5 days 
of age. Females mated to these males laid fewer eggs and only a few 
were fertile. 
Table 18, Per cent mating of moths which had fed for 1 day as larvae on diet treated with hempa. 
Microliters hempa per square centimeter of diet 
Larval 1,^6 ' ),12 4,68 Mean 
age ' per cent 
days male female male female male female male female 
1 day 40 70 100 57 80 75 74 66 
3 day 60 75 100 •33 100 33 83 65 
5 day 71 70 57 50 100 86 72 68 
7 day 37 66 50 57 83 62 57 62 
9 day 42 75 80 57 . 79 79 71 75 
11 day 70 83 89 100 75 58 78 76 
mean per cent 55 73 75 64 8? 70 
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Table 19. Mean number of eggs laid and the per cent viable eggs laid by 
females which had been treated or mated to males which had been 
treated as larvae by adding hempa to their diet for 1 day. 
Age of larvae Dosage®' Females treated Males treated 
at treatment eggs/female viable eggs eggs/female viable eggs 
days number per cent number per cent 
1 1.56 125.7 44 136.5 8 
3.12 123.0 57 78.2 45 
4.68 105.2 24 113.8 58 
3 1.56 145.5 55 114.3 33 
3.12 76.0 43 105.3 25 
4.68 109.0 0 95.5 56 
5 1.56 107.7 46 127.6 36 
3.12 127.0 50 38". 0 19 
4.68 114.3 36 40.0 , 2 
7 1.56 77.0 25 129.7 13 
3.12 125.0 47 143.0 59 
4.68 95.6 55 93.0 52 
9 1.56 97.0 33 138.7 ' 48 
3.12 77.3 64 122.5 . 45 
4.68 55.1 63 85.1 41 
11 1.56 127.6 58 110.1 39 
3.12 85.5 58 135.1 43 
4,68 122.7 29 165.0 51 
^Microliters of hempa per square centimeter of diet surface. 
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The high mortality rate of larvae treated at 3 days of age and the 
failure of the female moths from these larvae to mate readily resulted 
in only one mated female of this age group treated at the highest level. 
This female did not lay any fertile eggs. 
I 
Effect of Hempa in the Diet of 5- and 7-Day-Old Larvae 
Experiment no. £ 
Results of the previous experiment indicated that male larvae 5 days 
of age reared under the experimental conditions previously described may 
be sterilized by treatment with hempa. 
This experiment was initiated to further investigate the effect of 
hempa on 5- and ?-day-old larvae reared under these conditions. These 
ages were selected on the basis of data from the previous experiment and 
because it is at this age that the larvae are molting to the 3rd instar. 
At this stage of development, the testes average 0.168 mm in length X 
0,056 mm in width (Guthrie et al. 1965b) and only primary spermatids are 
present (Chaudhury and Raun, 1966)« 
Methods and procedures The same materials and methods used in 
experiment number 8 were used in this experiment except that, (1) the 
larvae remained on the treated diet for 3 days, (2) the concentration of 
hempa in the solution was 7.5» 15»0 and 22.5, and (3) only one larvae was 
placed in each jelly cup. The concentrations of solution used resulted 
in 2.34, 4.68, and 7»02 jal of hempa per square centimeter of diet surface. 
Fifty 5-day-old and fifty 7-day-old larvae were exposed to each of the 3 
treatment levels. The mortality rates for each of the 3 treatments and 
the untreated check were calculated by probit analysis. 
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Results The per cent mortality from treatment to emergence, 
adult longevity, and mean pupal weights of the insects in the esqjeriment 
are given in Table 20, 
The mortality rates, calculated by probit analysis (Tables 30 and 31) 
are shown graphically in Figure 6, 
Hempa increased mortality at all levels tested, IfJhen 5-day-old 
larvae were treated with the 22,5 per cent solution (7.02 »l/cm^ of 
diet) 61.3 per cent died and 60.0 per cent of larvae treated at 7 days of 
age also died before completing emergence. The calculated for 5-
day-old larvae was 24,2 per cent and the calculated for 7-day-old 
larvae was 21,6 per cent. The calculated estimate of natural mortality 
was 14,99 per cent (Table 30)# 
Most of the treated moths lived about the same length of time as the 
untreated moths, 7.2 days for males and 7.9 days for the females, however 
the male moths treated with the 22,5 per cent solution (7.02 pl/cm^ of 
diet) at 5 days of age lived an average of only 5-2 days after emergence. 
The untreated male pupae averaged 68,3 mg in weight and the ^ untreated 
female pupae averaged 90.8 mg in weight. The only treated pupae which 
were significantly lighter than the weight of the untreated pupae were 
males which were treated at the highest rate at 7 days of age (Table 32) 
and females treated at the lowest rate at 5 days of age (Table 33). 
The mean number of eggs per female, the mean number of viable eggs 
per female and the per cent hatch are given in Table 20, An analysis of 
variance of total eggs laid by treated females is shown in Table 34 and 
by females mated to treated males is shown in Table 35. There was a 
. )  
Table 20« Effect of hempa on mortality, adult longevity, per cent mating, pupal weight, total 
eggs and per cent viable eggs when added to the diet of 5- and 7-day-old larvae. 
Dosage* Sex Mortality Adult longevity Mating Pupal weight Total eggs Viable eggs 
per cent days per cent mg per mated per cent 
5-day-old larvae treated 
2.34 male 28.0 6.6 55.0 70.65 196.4 40,6 
female 33.3 7.8 50.0 85.4 140.2 52.0 
4.68 male 38.7 7,1 54.5 73.8 167.5 50.8 
female 28.0 7.1 50.0 93.30 93.8 46,8 
7.02 male 84.0 5.2 66.7 77.2 117.3 48.2 
female 38.7 7.1 59.1 96.6 114.5 54.5 
7-day-old larvae treated 
2.34 male 30.7 7.0 76.9 73.5 167.6 47.6 
female 36.0 8.2 70.8 97.23 153.1 55.0 
4.68 male 36.0 6.9 58.3 69.0 179.1 54.9 
female 52.0 7.6 72.2 95.0 201.0 52.5 
7.02 male 52.0 7.4 72.2 6O.5 131.8 51.9 
female 68.0 7.0 83.3 88.8 57.5 62.1 
Untreated 
male 16.0 7.2 76.7 68.3 150.06 56.04 
female 9.3 7.9 72.7 89.1 159.04 47.50 
^Microliter hempa per square centimeter of diet surface. 
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Figure 6. Corrected per cent mortality of larvae caused by 
hempa added to the diet on the 5th-8th days and 7th-10th days 
of larval life. 
reduction in the ntunber of eggs per female when females were treated 
at the highest rate at 7 days of age. Those females laid only 36.2 
per cent as many eggs as the tin treated females. However this difference 
was not significantly different at the ,05 level of probability. 
The viability of the eggs was not significantly reduced by any of 
the treatments. Eggs laid untreated check females were 47.5 per 
cent viable and eggs laid by"~females mated to the untreated check males 
were 56,0 per cent viable. Viability of eggs laid by treated females 
ranged from 46,8 to 62,1 per cent and viability of eggs laid by females 
mated to treated males ranged from 40,6 to 51«9 per cent. The lowest 
rate of viability, 40.6 per cent, was for eggs from females mated to 
males treated at 5 days of age at the lowest rate. The number of viable 
eggs laid per female by treated females and by females mated to treated 
males was analyzed by analysis of variance (Tables 36 and 37)« There 
was no significant difference in the number of viable eggs laid at the 
,05 level of probability. 
Effect of Hempa in the Diet of 10-Day-Old Larvae 
Experiment no. 10 
On the basis of 3 observations ; (1) hempa is less toxic ..to nearly 
mature larvae than it is to younger larvae, (2) lepidoptera sperm cells 
in a stage of development earlier than the "spermatid stage at time of 
pupation do not form functional spermatozoa (Virkki I965) and, (3) chemo-
sterilants cause dominant lethal mutations in mature insect sperm 
(LaChance et al. I965) it was decided to expose 10-day-old larvae to 
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hempa for 3 days. This woxild represent the last 3 days of larval-life 
before the pupal stage. 
Methods and -procedures The same procedures used in experiment 
number 9 "wrere used in this experiment except that the larvae were not 
treated until the 10th day of larval life and the concentrations in the 
treatment solutions were 2.5* 5*0, 7.5» 10.0, 12.5, 15*0» and 20.0 per 
cent. The concentrations resulted in .78, 1.5<S, 2.3^, 3*12, 3.90, 4.68, 
and 6.24 ;•! of hempa per square centimeter of diet surface. 
Results Per cent mortality of the larvae, mean pupal weights, 
and number of days from hatch to emergence are shown in Table 21. 
Mortality ranged from 9*0 for the untreated larvae to 100 per cent 
for larvae on media treated with 20 per cent hempa. A probit analysis 
of these data (Table 38^- shoNS that the after correction for the 
mortality in the untreated check is 7*75 per cent and that the is 
15.89 per cent. This is equal to 2.42 and 4.95 Wl hempa per square 
centimeter of diet surface. 
The addition of hempa to the larval diet reduced the weight of the 
pupae. The mean weight of the untreated male pupae was 80.8 mg. As the 
concentration of hempa increased the weight of the pupae decreased. 
Male pupae developing from larvae fed on diet treated with 4.68 »1 of 
hempa per square centimeter of diet surface weighed only 46.2 mg. 
jHie mean weight of the untreated female pupae was 106.0 mg. The 
mean weight of the female pupae was also reduced as the concentration 
of hempa in the diet increased. Female pupae that developed from 
larvae fed on diet treated with 4.68 ul of hempa per square centimeter 
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Table 21, Mortality, pupal weights, and rate of development of com 
borers treated as 10-day-old larvae by adding hempa to 
their diet for 3 days. 
Dosage^ Larvae Mortality Mean pupal 
weight 
Time from hatch 
to emergence 
number per cent 
male 
mg 
female 
days 
0 9.0 80.8 106.0 21.2 
0.78 25 12.0 77.6 99.3 21.4 
1.56 59 25.4 66.75 84.5 21.5 
2.34 • 141 42 o5 64.69 79.4 21.3 
3.12 124 59.6 61.83 71.7 21.6 
3.90 75 65.4 57.94 62.3 22.3 
4.68 no 91.8 46.2 54.6 22.7 
6.24 75 100.0 
^Microliters of hempa per square centimeter of diet surface. 
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of diet weighed only ^4.6 mg. The hempa treatment of the larval diet 
reduced the female pupal weights by 3.6 mgs per microliter of hempa per 
square centimeter of diet surface and the male pupal weights by 2,0 mg 
per microliter of hempa per square centimeter of diet surface. 
Per cent mating, total eggs observed, mean eggs laid per female, 
fertile eggs laid per female and per cent nonviable eggs for each 
treatment are given in Table 22, 
The addition of hempa to the larval diet reduced the incidence of 
mating of the males. The reduction increased with an increased concen­
tration of hempa in the diet. 
The number of eggs laid by untreated females mated to treated males 
was not affected by the treatment of the males. Treated females, mated 
to untreated males, laid fewer eggs than the check moths but there was 
no consistent decrease in the number of eggs per female with an increased 
concentration of hempa in the diet. 
The per cent of nonviable eggs laid by treated females was not 
affected by the treatment of the larval diet however untreated females 
mated to treated males laid more nonviable eggs than the untreated check 
and the per cent of nonviable eggs increased with an increase in the 
amount of hempa in the larval diet. Males treated as larvae at the 
higher doses were completely sterilized, however, the 100 per cent 
sterility dosage of 3.90 «1 hempa per square centimeter of diet surface 
caused 6^.4 per cent mortality before emergence. The per cent mortality 
of larvae from treatment to emergence and the per cent nonviable eggs, 
as calculated by probit analysis (Tables 38 and 39), are shown 
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Table 22. Per cent of mating j, total eggs laid p@r moth and per cent of 
nonviable eggs laid by corn borers treated as 10-day-old 
larvae by adding hempa to their diet for 3 days. 
Dosage®- Eggs Mating Viable Nonviable 
male feciale per moth eggs per moth eggs per moth 
number per cent nimber per cent 
0 . 0.0 231 71.0 102.6 54.4 
.78 0.0 317 100 oO 91.1 71.3 
1.56 0.0 160 76.0 27.3 82.9 
2.34 0.0 219 37.0 23.1 89.5 
3.12 0.0 192 41.0 4.2 97.8 
3.90 0.0 232 50.0 0.0 100.0 
4.68 0.0 154 33.3 0.0 100.0 
6.24 0.0 
0.0 .78 135 40.0 --61.0 54.8 
0.0 1.56 226 52.0 103.5 54.2 
0.0 2.34 119 48.8 48.8 59.0 
0.0 3.Î2 158 46.0 84.7 46.4 
0.0 3.90 91 60.0 40.0 56.0 
0.0 4.68 132 67.0 - 47.6 64.0 
0.0 6.24 mm m — a# 
^Microliters of hempa per square centimeter of diet surface. 
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graphically in Figure ?, A dosage which would give 95 per cent sterility 
of the males would result in 79 par cent mortality of the treated larvae. 
None of the nonlethal doses sterilized the females. 
In order to deteimine if hempa was differentally toxic to males and 
females, separate probit analyses of male and female mortality were made 
(Figure 8). As the sex of the individual larvae could not be determined 
at the time of treatment, a 50-50 ratio of the sexes at time of treatment 
was assumed» This assumption may have- introduced some bias, but the 
analysis shows that hempa was only sli^tly more toxic to the females 
than to the males. 
Competitive Ability of Sterilized Males 
Experiment no. 11 
This experiment was conducted to determine if sterilized male moths 
could compete with normal moths in mating with untreated female moths. 
Methods and procedures The same treatment methods and mating 
procedures were used in this experiment as in the previous experiment 
except that all treated males were subjected to the same concentration 
of hempa by feeding them as larvae on a diet to which 2,3^ ^ 1 hempa per 
square centimeter of diet surface had been added. Also 3 adult males 
and 2 adult females were placed in each mating cage. Four ratios of 
treated males to untreated males were used. These were; (1) 3 treated 
males X 2 untreated females, (2) 2 treated males + 1 untreated male X 
2 untreated females, (3) 1 treated male + 2 untreated males X 2 
untreated females, and (4) 3 untreated males X 2 untreated females. Five 
cages of each combination were used. 
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Figure 7. Dosage-response curves of per cent nonviable eggs and per cent mor­
tality caused by adding hempa to the diet of 10-day-old larvae. 
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Figure 8. Dosage response curves of per cent mortality caused by adding hempa 
to the diet of 10-day-old male and female larvae. 
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Results The results of this experiment are given in Table 23. 
The females caged -with 3 treated malas mated nearly as well (80 per 
1 cent) as the females caged with the untreated males (100 per cent) and 
the difference was not statistically significant at the ,05 level of 
probability. 
The females caged with 3 treated males laid 244.6 eggs per female, 
those caged with 2 treated males and 1 untreated male laid 476.5 eggs 
per female and those caged with 1 treated male and 2 untreated males 
laid 431.5 eggs per female but none of these differed a statistically 
significant amount from the 299*5 eggs laid by females caged with 3 
untreated males. 
The hatch of eggs from females mated to untreated males was 77.9 
per cent and of eggs from females mated to 3 treated males was 23.3 per 
cent. These figures were higher than the per cent hatch in the previous 
experiment but the 23 «3 per cent hatch from females mated to treated 
males compared with .the expected hatch (17 per cent) from the probit 
analysis (Mgure 7) of the previous experiment. 
The hatch of eggs from females caged with males at a 2:1 ratio of 
treated to untreated males was 36,0 per cent and the hatch of eggs from 
females;, caged vjith males at a 1:2 ratio of treated to untreated males 
was 57*8 per cent. If all eggs from untreated moths hatched and none of 
the eggs from females mated to treated males hatched the theoretical 
hatch for the 2:1 ratio would be 33 per cent and the 1:2 ratio would be 
66 per cent. As neither of these conditions were met in this experiment 
the expected per cent hatch was calculated for the 2 treated X 1 
Table, 23» Mating competitiveness of adult males which had been treated as 10-day-old larvae by 
adding 2.34 microliters of hempa per square centimeter to their diet. 
treated 
males 
Moths per cage 
untreated 
males 
females 
Mating Total 
eggs 
Viable 
eggs 
Theoretical computations 
complete^ this experiment 
number number number per cent number per cent per cent viable eggs 
3 0 2 80 2446 23.3 0 23.3 
2 1 2 100 4765 36.0 33.0 41.5 
1 
< 
2 2 90 4315 57.8 66,6 59.7 
Ô 3 2 100 2995 77.0 100,0 77.9 
^ased on complete hatch vs complete sterility. 
4 
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"untreated, ratio by ^ (^)(77*9). = 41.5 and "the 1 treated X 2 
"untreated by (l)(2g.]^) + .(.^ )(77*9) = j#.? 
As the actual percentages of hatch were slightly less than these 
ezpected values the treated males competed "wi'th the "untreated males as 
well as theoretically expected. 
Effect of Metepa in the Diet of 10-Day-Old Larvae 
Experiment no. 12 
This experiment was conducted to determine the efficacy of metepa 
as a chemosterilant when fed to larvae in their diet. 
Methods and procedures The methods and procedures were the asme 
as in experiment number 10 except that metepa was used in concentrations 
of 5t 10, 25» and 50 per cent. These concentrations resulted in I.56, 
3*12, 7.80, and 15»60 of metepa per square centimeter of diet surface. 
Twenty-five larvae "were treated at each dosage. 
Results Results of "the experiment are summarized in Table 24. 
AH larvae on media treated with 7.80 and I5.6O jal of metepa per 
square centimeter of diet surface died before emerging. 
Of the larvae treated at the 3.12 ^ 1 per square centimeter dosage 
86.7 per cent died and at the 1,56 jal per square centimeter dosage 13«3 
per cent died before emerging. 
Seventy per cent of the untreated females caged wi'th untreated 
males were mated. Seventy per cent of the females caged with males fed 
on diet treated at the I.56 jil dosage were ma"bed and 66.7 per cent of the 
females fed the same diet and caged with untreated males were mated. 
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Table 24. Mortality, per cent of mating and per cent viable eggs of com 
borers treated as 10-day-old larvae adding metepa to their 
diet for 3 days. 
Dosage^ Mortality Sex 
treated 
Mating Viable 
eggs 
per cent per cent per cent 
0.0 0.0 70.0 21.28 
1.56 13.3 male 
female 
70.0 
66,7 
33.74 
40.00 
3.12 86.7 male 
female 
o
 o
 
* 
•
 
o
 o
 — MM 
7.80 100 
— 
15.60 100 
Microliters of metepa per square centimeter of diet surface. 
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Of the larva.e fed on the diet treated with 3.12 ul of metepa per 
square centimeter only 1 male and 1 female emerged. One untreated 
female, caged with a treated male, mated and laid 234 nonviable eggs. 
The treated female, caged with an untreated male, did not mate and 
laid 11 nonviable eggs. 
Larvae on the diet treated at the 2 higher rates did not feed after 
being placed on the treated diet and may have died of starvation. Most 
of the larvae which were placed on the diet treated with 3.12 ;al of 
metepa per square centimeter of diet surface also refused to feed and 
only those which continued to feed after being placed on the treated 
diet emerged. ^1 the larvae placed on the diet treated with 1.56 jol 
of metepa per square centimeter of diet surface continued to feed. 
Effect of Metepa Injected into 12-Day-Old Larvae 
Experiment no. 13 
This experiment was conducted to determine the toxicity 'and chemo-
sterilant efficacy of metepa whieh injected into the hemocoel of 5th 
instar larvae. 
Methods and procedures Twelve-day-old larvae which had been 
reared on standard diet were injected with metepa dissolved in sterile 
water. One ;al of. total solution was injected using an automatic micro-
applicator with a 30-^^ge needle. The needle was inserted into the 
hemocoel between the 2nd and 3rd abdomenal segments. After treatment the 
larvae were returned to the vials of diet to complete development. After 
pupation they were removed from the vials and placed in individual con­
tainers for isolation. 
70 
A preliminary study was conducted to determine the toxicity of 
metepa when injected into the hemocoel of larvae and a later study was 
made of the efficacy of metepa as a chemosterilant at the highest dosage 
that did not cause near 100 per cent mortality. 
Twenty, 12-day-old larvae were injected with doses of 0,0125, 0.025, 
0.05, 0.10 and 0.20 fil of metepa per larvae. Twenty larvae were also 
injected with sterile water as a check. After the toxicity of metepa 
was determined, 50 larvae were injected with 0.05 jal of metepa each. 
Records of proportion of females mated and per cent of viable eggs laid 
were taken. 
Results Results of the experiment are summarized in Table 25. 
Doses of 0.0125 and 0.025 wl of metepa per larvae did not signifi­
cantly increase the mortality of the larvae over the check larvae which 
were injected with sterile water only. A dosage~of. 0.05 Ml of metepa 
per larvae caused 55 per cent mortality and doses of 0.10 and 0.20 jol 
of metepa per larvae caused mortality of 95 and 100- per cent respectively. 
"When larvae were treated mth 0.05 *il of metepa per larvae the 
untreated females, mated to the treated male moths which emerged, laid 
16.27 per cent viable eggs and the treated females which emerged laid 
66.78 per cent viable eggs when mated to untreated male moths. Female 
moths which had been injected with sterile water as larvae laid 64.35 per 
cent viable eggs and females mated to males which had been injected, with 
sterile water as larvae laid 61.46 per cent viable eggs. 
71 
L 
Table 25o Toxicity and chmosterilant effect of metepa injected into 
the hemocoel of 5th instar larvae. 
Dosage Mortality Viable eggs 
males females 
treated treated 
yil/larva per cent per cent 
0.0125 15 
0.025 5 
0.05 55 16.27 66.78 
0.10 95 
0.20 100 
0.000 10 6^.35 61.46• 
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Discussion of Larval Treatment Experiments 
As spermatogenesis begins relatively early in the larval stages the 
effect of hempa on the larval diet of 1-, 3-» 5-*. 7-« 9-» and 11-day-old 
larvae vas investigated. The first experiment indicated that hempa was 
most toxic to 3-day-old larvae and was most effective as a chemosterilant 
"when fed to 5-day-old larvae. However, further investigations of its 
effect on 5- and 7-day-old larvae showed that it was not an effective 
chemosterilant of either 5- or 7-day-old larvae. Guthrie et al. (1965b) 
found no spermatocqrkes beyond the pachytene stage present at this stage 
of larval development* The ineffectiveness of hempa as a chemosterilant 
when applied to young larvae indicates that it is either not effective 
against early stages of spermatogenesis or else it is so toxic to young 
larvae that they are killed at doses too low to cause sterilization. 
" "When hempa was included in the diet of larvae for 3 days beginning on 
the 10th day of larval life, higher doses could be used without killing 
all the larvae and sterilization of the emerging male moths was evident. 
However, as the amount of hempa In the diet increased, the mortality 
and the time required for emergence increased and the pupal weights of 
the treated insects decreased, indicating severe physiological effects. 
A dosage of 3«9 pl of hempa per square centimeter of larval diet 
surface caused 100 per cent steriliiy of the male moths which emerged 
from the treated larvae. However this dosage caused 65 per cent mortality 
of the larvae, reduced the pupal weights of males by 28 per cent and 
reduced mating by male moths by 30 per cent. None of the sublethal treat­
ments caused sterility of the females. 
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Probit analyses of the per cent nonviable eggs and the per cent 
mortality indicate that an of 3.90 jal of hempa per square centi­
meter of diet surface would cause a 79 per cent mortality of the treated 
larvae. Such an effect on mortality would render the treatment imprac­
tical to use in a sterileHJiale release program. 
Metepa in the diet of 10-day-old larvae was found to inhibit feed­
ing by the larvae. Small amounts of metepa which did not inhibit feed­
ing had no effect on the fertility of either the male or female moths. 
Injections of metepa into the hemocoel of 12-day-old larvae 
resulted in a chemosterilant effect on the males but had no effect on 
the fertility of females. However the injections were toxic to the 
larvae and a dosage of 0.05 microliter of metepa per larvae caused 55 
per cent mortality and only 75 per cent reduction in viable eggs. These 
results indicated that metepa would not be practical as a chemosterilant 
applied to larvae and therefore no farther investigations were conducted,' 
While neither hempa nor metepa appeared to have any practical use­
fulness as chemosterilants for larval treatment, these investigations 
have been valuable in that they have showi that male moths can be 
sterilized in the larval form by treating them with chemos terilants. 
One of the most practical methods of sterilizing reared insects 
would be to introduce chemos terilants into the larval diet. Not only 
would it be a simple method of treatment but it could eliminate problems 
of environmental contamination. 
As European com borer moths are relatively short lived and mate 
most readily soon after emergence, treated moths would have to be 
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released within 24-48 hours after emergence. Moths which had been 
treated topically might carry some of the chemosterilant into the 
environment. If this contamination was of sufficient quantity to pre­
sent a problem, the moths could be sterilized as larvae and it would be 
less probable that they would carry the chemosterilant into the environ­
ment after emergence. 
For these reasons continued effort should be made to develop a 
chemosterilant which would be effective when introduced into the larval 
diet. 
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SUMMART AND CONCLUSIONS 
The efficacy of hempa and metepa as chemosterilants of the European 
com borer were "investigated. Adult moths 0-24 hours old were treated 
topically with hempa and metepa and dipped in aqueous solutions of 
metepa. Larvae 1, 3» 5» 7» 9$ and 11 days old were exposed for 1 day 
to diet which had been treated with hempa. Larvae, 5» 7, and 10 days 
old, were exposed for 3 days to diet which had been treated with hempa 
and larvae 10 days old were e:q)osed for 3 days to diet which had been 
treated with metepa. Larvae 12 days old were injected with aqueous 
solutions of metepa. 
The results of these investigations demonstrate the following 
points: 
(1) Adult male and female moths may be sterilized by treating 
with chemosterilants. 
(2) Metepa is more effective as a chemosterilant than is hempa 
when they are applied topically to adults. 
(3) Both hempa and metepa applied at doses which cause 100 per 
cent sterility of the males cause mortality and a reduction 
in mating by both the males and females. 
(4) Fema.les are more resistant to sterilization with hempa and 
metepa than are males. 
(5) Moths dipped in aqueous solutions of metepa are more effec­
tively sterilized with less concurrent mortality and reduction 
in mating than are moths treated topically with metepa. 
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(6) Larvae less than 10 days old are not sterilized with sub­
lethal exposure to hempa in the diet. 
(7) Male larvae, 10 days old, exposed to hempa in the diet for 3 
days can be sterilized, but doses which cause 100 per cent 
sterility cause high mortality of the larvae and reduce the 
proportion of mating. 
(8) Metepa in the diet is a feeding deterent and 10-day-old larvae 
exposed to diet which does not contain enough metepa to stop 
feeding are not sterilized. 
(9) Metepa injected into the hemocoel of 12-day-old larvae will 
sterilize the males but also causes high rates of mortality. 
(10) Female larvae are not sterilized by exposure to either metepa 
or hempa. 
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Table 26. Probit analysis of per cent mortality plus per cent male moths 
failing to mate when treated topically with metepa as adults. 
Dosage N P Y t y 
pl/insect 
.20 1.289 25 100 7.6 .3432 7.94 7.72 
.10 1.000 25 ~" 94.9 6.8 . .4551 6.61 6.95 
.05 .699 25 84.8 6.1 .6227 6.02 6.15 
.025 .025 25 79.7 5.3 1.0018 5.77 5.35 
.0125 .097 50 26.6 4.5 1.9640 4.38 4.56 
0 0 40 
C = 21 X = .4098 t = 1.253 7 = 5.3773 
Snw = 38.424 
_2 ZSnwx 
10.4647 
4.0104 
Snwxt 
12.588 
19.726 
- 7.138 
Cnwc = 15.748 
2nwt^ 
74.824 
60.285 
14.539 
150.476 
165.015 
Snwt = 48.129 Snwy = 206.6l6 
2 
. Snï'Ogr Bnwy Cn-wyt 
95.268 1141.919 238.222 
84.681 1111.029 298.802 
10.587 30.890 - 20.580 
+ 2.850 
- 17.730 
V =, 
= 4.0104 X 165.015 - (7.138)^ = 610.825 
/ .27015 165.015 7.138 
A 
4.0104 .01168 
.01168 ) 
.006565 
b = 10.587 X .27015 - 17.730 X . .01168 = 2.65299 
= 10.587 X .01168 - 17.73 X .006565 » .007259 
a = 5-3773 - (2.653 X .4098) + (.007259 X 1.253) = 4.299 
C + 6C = 21 + (79 X .007259) = 21.57 
^og dose +2 
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Table 27« Probit analysis of per cent mortality plus per cent female moths 
failing to mate when treated topically with metepa as adults. 
Dosage N P Y t y Y 
}il/insect 
.20 1.289 25 100 6.9 .4376 7.34 7,12 
.10 1.000 25 79.4 6.1 .6227 5.77 6.20 
.05 .699 25 74.2 5.2 1.0759 5.62 5.23 
#
 0
 
.398 25 17.4 4.4 2.1780 4.10 4.27 
.0125 .097 25 . 0.0 3.5 7.2050 2.98 3.30 
0 0 40 
0
 
II X = 
.7425 t = 1.4104 y = 5.3694 
Cnw = 28.73 Jlnwx = 21.333 Znwt = 40.521 Zxivy = 154.263 
2 2 ? 
smcc cnwxt sni/jf^ Entccy' snvjy Snvjyt 
18.5462 20.7837 111.0007 123.2006 859.404 185.1408 
19.8391 30.0861 67.1506 114.5399 828.299 217.5723 
2.7071 - 9.3024 53.8501 8.66O7 31.105 - 32.4315 
150.4760 + 2.8500 
204.3261 . - 29.5815 
A = 2.7071 X 204,3261 - (9.3024)^ = 466.5965 
V _ f204.3261 ' 9.^024\ ^ /.4379 .0199 \ 
1^9.^24 2.-^71 I 1.0199. .00579] 
b = 8,6607 X .4379 - 29.5815 X .0199 - 3.20385 
= 8,6607 X .0199 - 29.5815 X .00579 = .001071 
a = 5.3694 - (3.20385 X .7425) + (.001071 X 1.4104) = 2.992 
C + So = 21 + (79 X .001071) - 21.085 
a Log dose +2 
Table 28. Probit analysis of per cent of nonviable eggs laid by females 
mated to males treated topically vith metepa. 
Dosage N P Y t y 
)]l/insect 
.05 .699 335 100 6.6 .494 7.094 6.76 
.025 .398 650 88.3 6.2 .5926 6.175 6.32 
.0125 .097 5336 82.5 5.8 .7313 5.91 5.86 
0 4888 
II 0
 X - .1394 t = .7128 y = 5.966 
Cnw = 1636,95 Xn'wac = 228.2 ."SnTzt = 1166.98 Enwy = 9766.03 
2 
"Snwx 
58.2193 
31.8059 
26.4134 
Cnuxt 
151.56 
162.65 
- 11.09 
Snwt 
836.66 
631.70 
4.96 
7332.00 
7336.96 
snwxy Snvrty 
1401.76 6945.70 
1361.39 6961.23 
40.37 - 15.53 
- 415.48 
- 431.01 
2 
cn'wy 
58333.90 
58264.22 
69.68 
A = 26.4134 X 7336.96 - (11.09) = 193,671.07 
f .03788 
.000057 
^3^.96 
'1 11.09 
\ A 
11.09 ^ 
A 
26.4134 
.000057 \ 
.0001364) 
b = 40.37 X .03788 - 431.01 X .000057 = 1.504648 
= 40.37 X .000057 - 431.01 X .0001346 = -.0563 
a = 5.966 - 1.50 X 0.1394 + .0563 X .7128 = 5.716 
C + SC = 36.6 
^Log dose +2 
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Table 29. Probit analysis of per cent of nonviable eggs laiid by females 
treated topically with metepa. 
Dosage N P Y t y Y 
pl/inseet 
.10 1.000 278 85.2 6.7 .4739 5.60 6.97 
.05 .699 485 70.0 5.5 .8764 5.53 5.61 
.025 .398 2049 30.6 4.2 2.7206 4.53 4.26 
.0125 e 0
 
4650 6.9 3.0 18.101 1.30 2.90 
0 4888 
C = 30 X = .51239 t = 2.8301 y = 4.7293 
Enw = 584.349 Enwx = 299.42 Snwt = 1653-77 Snwy = 2763.56 
Enwx^ Snwxt Snwt^ Snwxy Snwy^ Snwyt 
178.6857 547.7627 12734.2473 1510.3634 13585.8541 5866.3894 
193.4171 847.3733 4680.3234 1416.0214 13069.7122 7821.1961 
25.2684 -299.6106 8053.9239 94.3420 516.1419 -1954.7667 
11409.3170 1079.3600 
19459.2409 - 879.4067 
A = 25.2684 X 19459.2409 - (299.6106)^ = 401937.371 
/19499.2409 299.6106\ /.04841 .007454 \ 
V = 
2^99.6106 29.2684 j .0007454 .00006287j 
A A 
b = 94.342 X .04841 - 879.4067 X .00006287 = 4.5118 
ëc " 94.342 X .0007454 - 879.4067 X .00006287 = .0150 
a = 4.7293 - (4.5118 X .51239) + (.0150 X 2.8301) = 2.460 
c + Sc = 30 + (70 X .015) = 31.05 
^Log dose +2 
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Table 30. Probit analysis of per cent mortality of larvae fed on diet 
treated with hempa at 5 days of age. 
Dosage N P Y t y Ï 
22.5^  2.352 50 55 4.9 1.36 5.117 • 4.93 
15.0 2.176 50 22 4.6 1.78 4.253 4.54 
7.5 1.875 50 19 3.9 3.97 4.140 3.88 
0 0.000 50 
X = 2.20276 
ZroT = 77 
t = 1.97673 y = 4.6175 
2 Snwx 
377.4291 
375.2168 
2.2123 
A = 
33 Enwc = 170.34 
2 
t nwt = 152.15 Snwy = 357.07 
EnTOct 
323.4759 
- 8.3702 
s nwt'' 
365.925 
299.282 
66.643 
425.000 
491.643 
2 nwxy E nviy 
791.4618 1664.3085 
786.5420 1648.7769 
4.9198 15.5316 
SnT^ 
681.4447 
702.4665 
- 21.0218 
- 1.5000 
- 22.52I8 
V 
h 
2.2123 X 491.643 - (8.3702)2 = 1017.60 
.4831 
.0082 
^491.643 8.3702 
A A 
8.3702 2.2123 
A A 
4.9198 X .4831 - 22.52I8 X .0082 = 2.196 
.0082 
.00217 
is. = 4.9198 X .0082 - 22.52I8 X .00217 = -.00853 
1-C 
a = 4.6175 - (2.196 X 2.20276) + (.00853 X 1.9673) = -.2365 
C + (SC = 14.99 
— ^og dose 
Per cent concentration 
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Table 31» Probit analysis of per cent mortality of larvae fed on diet 
treated with hempa at 7 days of age. 
Dosage N P T t y 
22.5^ 2.352 50 53.1 5.0 1.25 5.08 5.03 
15.0 . 2.176 50 34.4 4.7 1.62 4.60 4.70 
7.5 1.875 50 21.8 4.1 3.07 4.23 4.14 
0 0.000 50 
C = 15 
Cnw = 84.99 
X = 2.18519 
Snwx = 185.72 
Î = 1.775 
Snwt = 150.83 
y = 4.720 
Snwy = 401.23 
2 Snwx • " snwxt 
408.548 319.270 
409.827 329.692 
2.721 - 10.382 
Snwt 
308.481 
267.772 
40.709 
426.000 
465.709 
Snwxy Znwy 
881.657 1903.511 
876.999 1893.441 
5.062 - 10.070 
A = 2.721 X 465.709 - (10.382)2 = II59.4O8 
Snwyt 
694.481 
712.046 
- 17.565 
- 1.900 
- 19.065 
V = 
r469.709 
A 
10.382 
10.382\ 
A 
2.721 j 
A 
.00895 
.00895 
.00234 
b = 5.062 Z .4017 - 19.065 X .00895 = 1.863 
is. = 5.062 X .00895 - 19.065 X .00234 = .000693 
a = 4.72 + (.000693 X 1.775) - (I.863 X 2.18519) = .6502 
c + Sc = 15.00 
^Log dose 
^er cent concentration 
Table 32# Analysis of variance of pupal weights of males treated as larvae at 5 and 7 days of age. 
5 days of age 7 days of age Untreated 
2.34 wl/cm^ 4.68 jil/cm^ 7.02 jul/cm^ 2.34 Ml/cm^ 4.68 jol/cm^ 7.02 pl/cm^ 0 
67.8 74.4 68.1 72.7 62.3 52.5 57.0 
48.4 73.6 77.2 69.7 67.5 71.0 65.0 
67.6 85.0 83.0 62.1 88.7 78.5 66.5 
56.8 67.9 71.6 79.8 66.2 60.3 74.6 
68.4 81.3 90.0 68.8 68.0 56,4 69.2 
81.7 62.4 73.5 75.6 66.5 55.5 65.5 
73.7 66.5 77.0 61.0 55.4 73.7 
75.7 65.2 1 77.0 64.3 66.0 77.4 
75.9 87.0 74.7 63.6 63.0 66,4 
64.4 61.0 79.1 65.5 52.3 62.0 
74.8 74.8 78.4 72.0 58.6 58.5 
81.9 72.6 73.0 67.5 66.3 85.0 
68.8 77.4 89.7 76.0 ' 52.8 66.9 
78.5 93.8 66.4 79.4 61.2 
75.4 69.8 74.4 78.8 55.1 
67.5 70.7 73.7 73.1 65.0 
71.6 77.4 76.0 63.0 51.3 
72.7 55.7 . 69.7 63.5 78.3 
85.4 57.7 67.2 
66.3 
69.8 
65.3 
72.4 
62.8 
1271.7 1401.9 4^3.4 1395.5 1^55.7 1089.5 887,7 
X 70.65 b® 73.78 ab 77.23 a 73.45 ab 68.99 b 60.53 0 68,28 b 
^eans having a common letter are not significantly different at the 0,05 level of probability. 
Table yi (Continued) 
Source 
Total 
Trealauent 
Error 
d.f. SS 
116 9556.53 
6 2492.12 
110 7064.41 
F 
6.46* I 
Û5 
vO 
90 
Table 33» Analysis of variance of pupal weights of females treated as 
larvae at 5 and 7 days of age. 
5 days of aee 7 days of aee. Untreated 
2.34^ 4.68 7.02 2.34 4.68 7.02 0 
85.0 90.7 118.7 96.7 97.6 97.5 83.1 
63 A 100.3 114.5 90.3 88.3 83.6 99.0 
104.6 108.7 102.4 114.3 91.4 73.5 80.2 
84.3 90.7 109.8 85.4 82.4 85.0 101.2 
87.0 87.9 87.3 88.8 106.5 76.2 68.1 
91.4 87.6 95.0 120.6 100.6 80.7 87.2 
97.4 96.3 95.0 80.7 92.6 104.0 88.6 
79.9 65.2 113.8 94.3 79.9 105.0 81.1 
78.7 86.0 87.9 96.0 94.7 86.1 97.1 
83.3 94.5 , 96^8 98.5 96.0 84.7 83.2 
92.2 106.4 79.3 113.0 100.4 74.5 97.5 
82.6 107.3 114.3 108.0 105.2 114.3 89.0 
103.7 85.8 109.7 91.8 95.8 96.0 
106.0 89.8 88.8 105.3 96.5 99.1 
79.0 104.6 76.5 85.5 98.8 87.0 
80.0 86.5 65.2 89.4 84.9 97.0 
71.1 94.2 68.4 86.6 101.6 69.3 
100.5 112.9 102.6 113.5 122.5 
65.5 78.3 116.5 95.0 81.3 
67.2 71.8 87.1 86.9 86.8 
90.4 99.0 84.2 94.0 105.2 
85.4 92.8 104.8 104.4 98.5 
96.8 103.4 
82.2 — 
94.1 
L878.7 2425.7 2222.0 2139.0 1614.2 1065.1 1998.0 
X 8168 b^ 93.30 a 96,60 a 97.2; I a 94.95 a 88.76 ab 90.82 2 
Source d.f. SS MS F 
Total 144 31238.4 
Treatment 6 3886.7 647.778 3.27* 
Error 138 27351.7 198.2 
dosage as microliters of hempa per square centimeter of diet surface. 
^eans having a common letter are not significantly different at the 0.05 
level of probability. 
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Tabla 34. Analysis of variance of total number of eggs per female 
treated as larvae at 5 and 7 days of age. Data trans­
formed byVx + 0.5» 
5 davs of age 7 davs of ase Untreated 
2.34^ 4.68 7.02 2.34 4.68 7.02 __ 0 
8.396 .707 6.596 13.91 13.55 10.98 10.70 
11.42 .707 14.71 15.67 .707 11.73 20.26 
9.823 9.354 7.969 13.77 7.842 .707 14.82 
7.842 15.35 2.739 4.743 14.44 7.246 15.67 
2.916 15.95 18.64 5.701 17.68 .707 11.29 
18.75 4.743 6.596 13.98 20.72 .707 4.848 
14.82 .707 13.36 23.14 10.32 3.937 13.91 
13.10 13.76 6.964 9.301 15.12 9.138 .707 
.707 2.916 14.85 6.819 19.33 3.674 .707 
17.54 11.20 12.02 15.41 14.41 12.47 15.92 
11.38 5.613 10.84 13.55 .707 19.12 
10.89 .707 3.937 11.39 .707 
12.39 12.75 5.339 19.46 .707 
15.25 17.42 
9.22 15.67 
3.674 .707 
18.83 15.70 
12.10 
9.028 
11.113 
12.67 
.20.56 
11.90 
.707 
116.694" 104.287 128.741 192,244 165.682 61.296 256.941 
Source d.f. SS MS F 
Total 100 3678.733 
Treatment 6 341.358 56.9 1.60 N.S. 
Error 94 3337.375 35.5 
dosage as microliters of heo^a per square centimeter of diet surface. 
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Table 35» Analysis of variance of total number of eggs per female 
mated- to males treated as larvae at 5 and 7 days of age. 
Data transformed by"Vx + 0.^. 
5 days of age 7 days of age Untreated 
2.34^ 4.68 7.02 2.34 4.68 7.02 0 
21.9^ 6.671 12.71 21.04 18.21 10.56 .707 
8.75 9.566 6.892 4.301 5.523 13.58 6.519 
27.16 19.27 11.68 9.247 16.81 6.285 4.301 
10.93 . 9.975 11.20 13.73 17.85 12.90 22.66 
.707 15.31 6.745 11.90 12.59 .707 
13.91 12.94 18.43 16.02 9.566 5.431 
lZk.44 20.60 6.745 10.56 11.25 .707 
14.98 8.031 19.25 19.41 11.90 17.88 
10.12 11.81 8.396 11.25 10.02 18.37 
4.637 16.05 8.882 8.860 14.13 9.301 
.707 .707 15.80 17.76 7.036 13.98 
10.98 13.32 .707 22.33 .707 
8.456 .707 8,456 19.20 
15.08 .707 13.84 13.80 
15.64 8.216 12.43 
10.12 .707 
9.61s 
6.892 " 
L28.281 141.91 420.482 190.172 156.274 189.876 . 146.700 
Source d.f. SS MS 
Total 89 3301.795 
Treatment 6 52.150 8.69 — 
Error • 83 3249.645 39.15 
^Dosage as microliters of hempa per square centimeter of diet surface. 
Table 36, Analysis of variance of nimber of viable eggs from females treated as larvae at 5 and 
7 days of age» Data transformed by]/ x + 0,5. 
5 davs of aee 7 days of age Untreated 
2.3^ Ml/cm^ 4.68 pl/cm^ 7*02 pl/cm*^ 2.34 ul/cm^ 4.68 }il/cm^ 7.02 pl/cm^ 0 
4.301 , .707 3.391 10.020 11.550 3.391 8.396 
8.155 .707 9.566 10.460 .707 10.750 14.230 
9.028 8.196 .707 6.892 2.550 6.285 10.610 
1.871 11.980 .707 4.301 .707 .707 12.550 
1.225 12.060 17.220 5.701 16.360 .707 8.456 
9.% 4.301 .707 10.074 18.290 2.345 4.637 
10.6|0 .707 2.121 19.250 .707 7.176 9.407 
10.750 8.093 .707 8.031 8.277 .707 .707 
.707 .707 11.940 .707 13.770 10.270 .707 
150800 .707 11.250 11.290 .707 .707 10(070 
8.093 .707 .707 5.701 .707 13.800 
7.176 .707 1.225 .707 .707 
8.337 11.900 .707 19.250 .707 
13.770 13.730 
.707 12.430 
2.121 .707 
15.510 10.610 
9.028 
6.519 
7.842 
9.513 
.707 
8.573 
.707 
80.146 64,385 71.630 126.467 94.289 43.045 175.350 
Source dbf 0 88 . M8 
Total 100 2909.99 
Treatment 6 I36.8I8 22.803 
Error 94 • 2773.172 29.50 
Table 37* Analysis of variance of number of viable eggs per female mated to males treated as 
larvae at 5 and 7 days of age. Data transformed bjfVx + 0.5. 
5 days of age 
2.3^ pl/cm 4.68 jil/cm 7.02 jal/cm 
7 days of age Untreatet 
2.34 wl/om 4.68 )il/cm 7.02 Ml/cm 0 
18.180 13.840 .707 .707 
.707 .707 8.515 .707 
6.671 14.300 2.345 .707 
9.874 12.630 7.649 19.040 
4.528 11.290 .707 .707 
12.750 13.096 7.382 .707 
.707 8.515 8.031 .707 
11.470 18.150 9.823 11.680 
6.442 10.460 7.246 .707 
.707 1.581 11.850 8.093 
7.517 .707 5.148 12.980 
.707 3.674 19.510 .707 
.707 .707 6.442 16.170 
13.840 .707 11.730 12.430 
12.510 6.364 10.750 
7.036 .707 
4.637 
6.819 
114.353 110.264 125.612 96.799 
16.69 .707 9.874 
8.75 8.573 5.339 
14.16 14.020 10.074 
.707 3.536 .707 
.707 13.800 
12.787 .707 
12.710 18.590 
.707 5.613 
.707 6.442 
«707 11.556 
.707 .707 
.707 
69.339 84.958 25.994 
Source d.f. SS MS 
Total 89 2943.516 
Treatment 6 22.101 3.68 
Error 83 2921.415 35.19 
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Table 38. Probit analysis of per cent mortality of. larvae fed on diet 
treated iwith hempa from 10 days of age to pupation. 
Dosage^ xb N P T 7 
A 
Y 
20.0 2.301 75 100 6.6 .801 6.656 
15.0 2.176 110 91.5 6.2 6.355 6.148 
12.5 2.097 75 63.9 5.8 5.29 5-830 
10.0 2.000 124 57.2 5.4 5.173 5.430 
7-5 . 1.875 141 40.2 4.8 4.752 4.923 
5.0 1.699 59. 22.3 4.1 4.246 4.210 
2.5 1.398 25 14.6 2.8 6.524 2.980 
0.0 100 
X = 1.9775 7 = 5.340 
Snwx 
580.89 
Cnwy . 
1568.61 
a = 
ànw 
293.75 
-2.706 
Snwxy 
4939.48 
2 Snwx 
3133.87 
2 Snwy 
8620.13 
b - = 
- |101.93 -4.0688 
7.05 
®Per cent concentration of hempa in Oo2 ml solution added to the diet, 
^og dose +1 
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Table 39» Probit analysis of per cent nonviable eggs laid by "untreated 
female moths mated tïith males "which had been treated as 10-
day-old larvae by adding hempa to their diet for 3 days. 
Dosage X N P Y 7 t 
A 
Y 
12.5 1.097 1855 100.0 6.6 8.10 .4940 6.96 
10.0 1.0 2683 95.2 6.3 6.59 .5649 6.60 
7.5 0.875 3283 77.0 6.0 5.70 .6557 6.14 
5.0 0.699 2560 62.5 5.5 • 5.32 .8764 5.49 
2.5 .398 3492 37.1 4.6 4.67 1.7797 4.38 
C = 55 X = .77157 t = .91955 y = 5-75799 
Enw = 2162.8 Snwx = I668.768 Znwt = I988.8I5 S.nwy = 12453.39 
o o 2 
Snwx Sninct Snirt "Zrmxy Snirty 
1401.475 1314.273 2294.936 10029.599 10733.948 73680.952 
1287.558 1534.507 1828.799 9608.650 11451.507 71706.444 
113.917 -220.234 .466.137 420.949 - 717.559 1974.508 
6993.000 - 93.240 
7459.137 - 810.799 
A = 113.917 Z 7459.137 - (220.234)^ = 801219.49 
 ^ 7459.137 220.234 \ /.009310 .000275\ 
220.234 113.917 / I .000275 .000142i 
A A 
b = 420.949 X .00931 - 810.799 Z .000275 = 3*696 
420.949 X .000275 - 810.799 X .000142 = .000628 
a = 5.75799 - (3.696 X .77157 - .000628 X .91955) = 2.907 
c + Sc = 0.55 + 0.45 X .000628 = .55000 
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Table 40. Probit analysis of per cent mortality and of female larvae 
fed on diet treated "with hempa from 10 days • of age to 
pupation. 
Dosage X N P T 7 Y 
20.0& • 2.301^ 37.5° 100.00 6.70 7.170 6.684 
15.0 2.176 55.0 94-.19 6.18 6.491 6.170 
12.5 2.097 35.5 71.63 5.79 5.551 5.840 
10.0 2.000 62.0 62.26 5.39 5.313 5.440 
7.5 1.875 70.5 44.17 4.85 4.853 4.920 
5.0 1.699- 29.5 17.05 4.08 4.063 4.190 
2.5 1.398 12.5 14.89 2.67 7.576 2.945 
0.0 
. X = 1.982 
50.0 
7 - 5.363 • 
Srncc 
285.050 
. S may E nw 
771.267 143.817 
Enwyx 
1544.339 
2 Enwx 
568.756 .4228.058 
a = -2.844 
-b - 1544.339 - (1.982) 771.267 . 
= 4.1409 
• 
.^ 568.756 - (1.982) 285.050 
®Per cent concentration of hempa in 0.2 ml solution added tcr the diet, 
•^og dose +1 
°Based on a sex ratio in the larval population of 50-50. 
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Table 41. Probit analysis of per.cent mortality of mal© larvae fed on 
diet treated with hempa from 10 days of age to pupation. 
Dosage X N P Y y Y 
20.0* 2.301*) 37.5° 100 6.28 6.865 6.359 
15.0 2.176 55.0 88.9 5.84 6.148 5.887 
12.5 2.097 37.5 56.4 5.55 5.114 5.589 
10.0 2.000 62.0 52.2 5.20 5.054 5.223 
7.5 1.875 70.5 36.3 4.76 4.652 4.752 
5.0 1.699 29.5 27.3 4.12 4.434 4.088 
2.5 1.398 . 12.5 12.0 3.05 4.468 2.953 
0.0 50.0 • 
X = 2.0105 y = 5.2415 
Snwx 
320.358 
• C nxjy S nw 
836,658 160.184 
Sn-wxy 
1691.367 
2 
. Snwx 
645.493 
Cnvjy^ 
4453.262 
a = -2.3185 
b = 1691.367 - a.9999) 836.698 
= 3.77099 
6^1-5.499 - (1.9999) 320.358 
^er cent concentration of hempa in 0.2 ml solution added to the diet. 
^Log dose +1 • . 
°Based on a sex ratio in the larval population of 50-50. 
